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ABSTRACT

TEMPORAL TUNING EFFECTS IN THE
VISUALLY EVOKED RESPONSE -

. By R. E. Parkansky
Electrophysical and psychophysical evidence indicates that there
are chamnels in the visual system that are more sensitive to either
spatially-structured stimuli ar luminance-modulaced stimuli. This
sensitivity or tuning was demonstrated by having the largest or
optimum response produced by either spatially-structured or luminance-

modulated stimuli. The purpose of this study is to determine if the

steady-state visually evexked response to three stimuli is significantly
ard predictably altered by the choice of temporal frequency. It is
expected that, far each observer, there will be an optimal temporal
frgquéncy or frequencies corresponding to a given pattern size, controst
and intensity. Also, this relationship will likely vary between
individuals, but will remain relatively constant for a given observer
over time.

Three subjects were each presented with three stimuli. These
stinuli were: (1) a square pattern of small checks where each check
subtended 15 minutes of arc: 2) a square pattern of large checks where
each check s.>tended 57 minutes of arc; and, (3) an unpatterned square
stimulus. The check stimuli were presentzd in such a mamner that

Ao
alternate checks were 180° St phase with each other and the un-

patterned stimulus was presented as a luminance charge. Each stimulus

N
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presertation series contained 20 temporal frequencies presented in
nurerical sequence with the lowest frequency being 4 Hz and the highest
at 23 Hz.

The results of this study were plotted using either the relative
amplitude of response or phase change as a function of the temporal
frequency of the stimulus. When' camparing each subject's respense,
the relative anplitude, curve shape, stimulus frequency of the largest
respanse, and signal-to-noise ratio were considered. None of the
subjects responded in exactly the same manner.

The results of this study were campared to the studies conductad
by Regan (1977, 1978), Tyler, Apkarian, and Nakayama (1978), Spekreijse,
Estevez and Reits (1977), and van der Tweel and Verduyn (1965). The
responses manifested by the subjects in this study were similar to
the studies to which thev were campared.
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INTRCDUCTICN

Historical Revi

DuBois-Reymnd (1848) demonstrated that nerves and muscles are
capdble of generating independent electramwctive forces. The flow of
electrical curren= was shown to be inwvolved not only in muscle contrac-
tion but also in nerve conduction andthe spike-~like acticn potentials of
nerve trunks which were the mechanism of the nerve impulse. Caton (1875)
discovered the presuence of continuous electrical activity at the exposed
cortex of an experinental animal. He described these fluctuating poten-
tials as "feeble currents of the brain." Prawdicz-Neminski (1925)
dermonstrated two principal frequency ranges ‘of electrical activity in the
dog's brain through the .*.ntaét skull. | These two frequency ranges were

later found in man and am now known as alpha and keta activity.

Berger (1929) demonstrated that electrical activity could be
recorded from the human brain through the intact skull and he was the
first to refer to this recording as the electroencephalogram (EEG) . He
demonstrated that, when a subject's eyes were closed, a long train of
regular waves at a frequency between eight and twelve Hertz (Hz) was
present and these waves disappeared when the eyes were opened (Berye-,

- 1932) . He referred to this phenamenan as the alpna rhythm. Since the

alpha rhythm is more praminent in the occipital region, Berger first
speculated that it originated in the visual cortex. However, he later

found that the alpha rhythm is not necessarily related te the visual
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cortex because it ¢an be recorded in cother regions of the cortex.
Berger (1932) also cbserved that these brain waves are slowed in states
of depressed function such as sleep activity and that they can be
blocked by mental activity and a(ttending to form percepticn. After the
cenfirmation of brain reoordingé .)by Berger, other laboratories began
investigating electrical recordings from the brain and expanded upon
them. Sare specialized in the study of normal patients and basic
physiological mechanisms while cthers looked into the effects of brain
lesicns. |
Adrian and Matthews (1934) aonfirmed Berger's finding that the
presence of a iight stimulus could give rise to a characteristic response
which could be recorded fram the occcipital cortex of man. They demcn-
. strated that slow waves of electrical activity were disrupted when light
impinged on the retina.. In man, this was done by having the suwject

open his previcusly closed eyes. This demonstration constituted the |
first atterpt at recording a visually evoked response (VER). At about
the same time, electrcencephalography was introduced and developed in
the United States. These data were of scientific interest but it had
little clinical value to the person interested in vision because only a
small percentage of nommal individuals showed a recordable VER. Since
that time, we have came to know that the VER is probably present in all
normal individuals but hidden in the ongoing EEG.

Since 1936, great strides have been made in both the recording and

the analysis of the EBG. Systemtic investigation of evoked responses

from the intact human becarme feasible when Dawson, in 1951, suggested
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discriminated fram the irregularly occurring EEG potentials if all
electrical activity subsequent to the stimulus was averaged. It was not
until the late 1950's and early 1960's that cummercially-built computers
became available to facilitate such analysis.
Characteristics of the EFEG

The EEG may be defined as a recording of the continuous and spenta-
neous fluctuations in electrical current generated by the brain. This
recording can be cbtained through surface electrodes attached to the
scalp. The peak-to-pesk amplitude of the recorded electrical potential
is about 50 microvolts with transient amplitudes as low as 20 microvolts
and as high as 200 microvolts. During life, it shows a continual, ever-
varying mixture of frequency, phase, and amplitude which is most likely
a reflection of metabolic and chemical events (Harding, 1974). Even

. though the EEG is a real and meaningful signal, it appéars unrelated to

the incaming stimuli. However, samewhere witlin the noise of thig quasi-
randem signal, the specific electrical response o each dis&ete signal
is hidden (Perry and Childers, 1969:; Harding, 1974).
Characteristics of the VER

Evcked respenses, while demonstrating characteristics similar to
EEG fluctuations, are not spmtaneous but result from specific sensory
stim lation (Perry and Childers, 1969). Specifically, the VER is the
electrical activity which can he elicited by a visual stimulus and re-
corded fram the occipital cortex. The recordable VER anmplitudes are
much smaller than the recordable REG amplitudes. They are typically
between 1 and 20 microvolts.

With the use of camputers, the VER can be separated from the EEG
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& | because the VER is fixed in time to the stimulus presentaticn while the
-:‘:! ' angoing EBEG will be random i relationship to the stimulus. Thus, if a
§§§ stimulus is repetitively presented, and on each occasion the EEG at that
=§ time is stored, the common. features will slowly add together to produce
‘e.,g,:r a clearer evcked response while the random noise wiich contains both

:ti,% ) ; positive and negative ongoing waves will slowly average to zero. This

% . technicque is called signal averaging and the result is either an averace
& or sum of the number of discrece responses to a given stimulus (Harding,
4! ~ 1974; Sokol, 1976).

K Characteristics of the VER Stimuli

VER stimuli generally fall into one of two spatial classificatiens,
,V',‘u- either pattemed or non-pattemed. The non-patterned stimuli, by defi-

_" .i nition, have no spatial structure, while the patterned stimuli generally

‘:.E have a spatiél structure that is easily defined in terms of spatial

frequency or area. Spatially structured stimuli can take sewveral forns;'
e.g., checkerboards, dots, or bar-grating (Regan, 1972a: Sokol, 1976).

o o T o T

Since one of the primary functiams of the human visual system is to

analyze contours and edges, the use of pattermed stimuli has the potential

=2

Salon ool
S

of keing more advantagecus than the use of non-patterned stimuli (Sokol,

g 1976) .
e
% s Temporally, the VER stimuli can be varied in cne of three ways.
‘ Both the non-patterned and the patterned stimuli can be presented as
flashed stimuli which are immediately replaced hy a hamcgeneous non-
18N
X 3; patterned dark field. This presentation has an on-set/cff-set relation-~ ;
N ' ship which can be varied fram that of a stroboscepic presentation (S-to- 1
'A 50 microseconds) (Buddock, 1968) to a longer square wave presentation
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(10-to-500 milliseconds). The remaining two methods pertain only to

patterncd stineali. The secend methed is similar to the first in that

, ! there is an abmpt appearance/disappearance of a pattem. However, the
pattern, in this method, is immediately replaced by a homogeneous, non-
3

L3 patterned filed which has the same mean luminance as the pattemed field.
1}

g The third method is frequently referred to as "pattern reversal." Here
th!

:;’f the pattern is again presented to the subiect, but instead of being

0

& - replaced by either a dark field, as in method one, or by a light field,
' as in method two, it is replaced by a pattern which is its spatial com-
Py

:?é - pliment:; the result is a counterphase altermnation of the dark and light
Y

i phases with a constant mean luminance (Sokol, 1976).

Stimuli that are presented by methods one and two <o be presented
, as isolated transient events and all these methods can be used in repe-
," ' titive trains. The repetitive trains produced by either square wave or
‘ sine wave modulation can have the luminance changes quantified in terms
3 of modulation depth. The modulation depth (M) is typically espressed as
" the ratio of the change in luminance (L) divided by the mean luminance |
L/ .

“.: (Lo) :

R,

-.“'g

W, L

::' M= I X 100

' o

?, .

! - Lmax - Limin

g?g Where L = = 5

;.ll

/

{ + ILmin

%) 1 = m—-——n—-—-

1 and LO 2

A

ILmax and Lmin are the luminances of the bright and dark areas, respec- '

tively, at the time of maximun contrast.

(91}




Although it might intuitively seem that the absolute change in
stimulus luminance wculd be the most important determinant of evoked
potential amplitude, the absolute change is often less important than
the percentage change in luminance (Regan, 1972a). Therefore, an impar-
tant featur= of a stimulus in which the luminance is modulated is that
the time-average luminance is held constant. The percentage luminance
change can, therefore, be varied without changing the mean stimulus
luminance level which determined adaptation (Kamp, Sem-Jacobson and
Storm van Leeuwen, 1960).

Visually evcked responses, as currently studied, fall into? two major
classes according to the method by which the stimulus is presented. VER's
are classifiel as either transient responses or as steady-state respcnses
(MacKay and Jéffexys, 1973) . Transient VER's, polyphasic in form and
200-500 milliseconds in duration, are evoked by stepwise changes in cne 6::

more perameters of stimulation at discrete points in time. These are usually

separated by intervals lang enough to allow the system to settle (scomewhat)
before the next stimulus. Regan (1977) refers to the transient VER as
being produced when the visual system is given a repeated "kick" at
intervals whi.ch are sufficiently long so that the response to one stimulus
has died away before the arrival of the next stimulus.

Steady-state VER's are evoked by stimuli in which the parameter of
interest is rhythmically modulated above ~.1d below a steady mean level,

at a frequency high enough for the visunl system to develop a rhythmic

and stable response (MacKay and Jefferys, 1973). Steady-state VER's are

produced when the visual system is "gently shaken" by an indefinitely

R



long train of repetitive stimuli which overlap to such an extent that,

in general, no single response cycle can be associated with an indivi-
.Qual stimilus and the running averages of both amplitude and phase are
constant with time (Regan, 1972b; Regan, 1977). The point at which the
VER is no langer transient and becames steady-state is not clear; with
sinusoidally modulated light, it can occur at a frequency as low as 4 Hz
(Sckol, 1976; Levi and Harwerth, 1978), or as low as 3 Hz with flashing
- lights (Harding, 1974). While both the transient and steady-state VER's
can be described in terms of voltage change as a function of time, only
the steady-state VER can be described in terms of amplitude of phase as
a function of the spatial frequency or the temporal frequency of the
stimulus.
In a camparison between the two types of responses, Milner, Regan,
and Heron (1972) found it more advantagecus to study the steady-state
responses than the transient respcmses for the following reasons: (1)

the steady-state responses do not seem to be influenced, as the transient
responses are, by the psychological state of the subject; (2) there is
less intrusion of muscle and EBEG activity with the steady-state VER
recording as well as reduced effects of moment-to-moment variability:
and, (3) the so-called Fourier-analyzed steady-state method of Regan's
is much faster than coventicnal transient response averaging (up to a
h hurdred times quicker). If one is concermed with studying the psycho-
: logical variaples associated with the VER, the steady-state response
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reportedly contains little or no information, as there appears to be a

trade-off between speedy recordings and informatica - "greater speed,
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less information" (Regan, 1977).
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It can be demonstrated that a change in either the cantrast or the
spatial frequency of the stimuli can cause a change in the VER. Using
transient presentatioms, Harter and White (1968) demonstrated that the
relitive peak-to-trough amplitudes of the VER are very sensitive to the
sharpness of contour of a patterned visual stimulus. They focused and
defocused patterned stimuli with a range of lenses and found that the
responses to high spatial frequency stimuli (small checks) are more
sensitive to a blurred target than are the responses to low spatial
stimali (large checks). When the high spatial frequency stimuli were
blursud., there was a ¢reater decrease in the peak-to-trough amplitude
than when the low spatial frequency stimuli were blurred. Using steady-
state presentatims, Spekreijse (1966) and van der Tweel and Spekreijse
(1968) demenstrated that, when the borders between spatial stimuli
(checks). were masked, the responses decreased.

Regan and Richards (1971, 1973) demonstrated that the sensitivity of
the visual system to high spatial frequency stimuli (small checks) was
different than the sensitivity to low spatial frecuency stimuli (large
checks) . They used a series of checks having the high fundamental spatial
frequency of 10 cycles per deqgree (cpd) or three minutes of arc per check
at one end and the low fundamental spatial frequency of 1 opd or 30 minutes
of arc per check at the other. They found that, when these checks were
modulated at a temporal frequency of 6 Hz, the largest relative ampli-
tude was found with the ll-iminute check. There was no change in the VER
amplitude or check size relatianship when either the fixation distance or

the convergence of the eyes was changed. There was a shift to a peak

RS R e AR




amplitude at the five-minute check when the brightness was increased.
When each o the stimili was defocused, the greatest difference in the
VER was found at the smaill check or high spatial frequency end of the
series. The defocusing caused a 30-percent reduction of the VER ampli-
tude for the small checks, a 65-percent increase of the VER amplitude for
large checks and an eliminaticn of the peak at 1l minutes. Regan and
Richards (1971, 1973) reascned that small-check VER's are almost campletely
contrast spec;fic and dependent upon sharp focusing of the stimuius while
large-check VER's are elicited by, at least to same degree, the local
flicker within each check.

Unpsttemed or Luminance Modulated Stimuli

Whether presented as an isolated traisient event or in a repetitive
steady-state train, the VER elicited by changing the luminance of an un~
pattermed stimuus ﬁiela differs from the VER elicited by changing the
contrast of a pattern. It appears possible ihat the unhpatterned res-
ponse may be mdiated by the activity of the central 6-12 degrees of the
visual field providing a means of studying the temporal frequency charac-
teristics of the visual system; e.g., studying latency times (Halliday,
McDenald, and Muskin, 1972). However, the amplitudes of tliese temporal
responses do net correlate with perceived flicker threshold or with
sensory magnitude (Regan, 1977).

In studies by van der Tweel and Verduyn Lunel (1965) and Regan (1970),
visual responses to modulated unpatterned stimili have been categorized
according to the temporal frequency of the stimulus. In each study,
the temporal frequencies were divided into three groups. Van der Tweel

and Verduyn Lunel (1965) placed the temporal frequencies below 9 Hz in
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the low group, the frequencies from 9 Hz through 18 Hz in the widdle
group, and all the frequencies above 18 Hz in the high group. Regan
(1970) centered the low-frequency group near 10 Hz, the middle-~freq-
uency group in the region of 16 Hz, and the high-fragquency group akove
50 Hz.

Van der Tweel and Verduyn Lunel (19653) found that the responses at
stimilation frequencies below 9 Hz generally showed considerable dis-
tartion, even at modulaticn depths of 10 percent or less. In many
cases, the se@d harmonics were larger in amplitude than the fundamental.
This was particularly true at stimulation frequencies around 5 Hz. In
same subjects, the change from undistorted to distorted (non-harmmenic to
harmenic) responses took place abruptly in a narrow stimulation frequency
band. Independent stimulation of the eyes at 5 Hz by two light sources

. 180° out .f phase did not lead to cancellation of the response, but

yvielded amplitudes camparable at least with those of one-eye stimulatim.

The respanses to sinusoidally modulated light at frequencies from 9
to 18 Hz generally approximated the sine wave form if diffuse illumination
of the two eyes was used. When the eyes were independently stimulated
18¢° out of phase at 1l Hz, the response at 1), Hz had almost disappeared
and only a respanse mainly at the second harmonic was left. These in-
vestigators (van der Tweel and Verduyn Lunel, 1965) noted that, in this
frequency range, the alpha rhytlms had an independent existence; i.e.,
the response to the light stimulation and the alpha rhythms can exist
together at different frequencies.

Respanses at the temporal stimulation frequencies above 18 Hz were
generally cbtained only with high light intensities (10,000 Trolands).

10
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In same subjects, frequencies fram 25 to 35 Hz showed a pure second

- harmonic response, whereas at lower stimulation frequencies respenses
at the fundamental frequencies prevailed (e.g., at a stimulation
frecuency of 27 Hz and mcdulation depth below 25 percent, a resporise
at the second harmonic predominated and was considerably larger than
the response cbtained at stimulation fregquencies in the 50 Hz range).
Independent stimulaticn of the eyes 180° cut of phase at 27 Hz evoked
responses with cawparable amplitudes to these obtained by the stimulation
of cne eye alae.

Regan (1970) also classified unpatterned steady-state evoked po-
tentials into three different fregquency regicms. These were designated
the low, medium, and high frequency classes. The low-frequency region
is centered near 10 Hz. In many subjects, there is a particular
stimulus frequency near iO Hz for which the amplitude of the evoked
potential is large:r than at neighboring frequencies. This is also the
same frequency range at which spontanecus alpha activity is most promi-
nent. However, Regan (1966) points out that the alpha frequency is
quite different and independent of the stimulus. In general, stimilus
color intensity and field size have little effect on the shape and peak
frequency of the amplitude versus frequency curve for the evoked po-
tential near 10 Hz (Regan, 1970).

The second frequency class includes steady-state evoked potentials
whose amplitudes are maximal for medium stimulus frequencies in the
region of 16 Hz. The shape of the anplitude versus frequency curve for
evoked potentiils in this frequency region can be strongly influenced

by red light with a blue adapting field and by the size of the stimulus

11

e e nere Yo




pal _Aah ogb pRospuytAhy Rla Fle Bha SRS FTE A0 1A JEN N N L R PN A A - -

field (Regan, 1968). Also, this medium fregquency range of evoked
potentials may have little relation to the power spectrum of the spon-
taneous EEG activity and deoes not give a strong second harmonic
response (Regan, 1970).

The last frequency range Regan (1970) found was at high frequencies
where the maximum response amplitudes ocour at about 50 to 55 Hz. For
the hivh frequency as well as the low frequency response ranges, the
amplitude versus frequency curve seems ¢o be similar in shape to the
corresponding power spectrum of spentanecus EEG activity. The high
frequency evcked potentials may be differently distributed over the
scalp and be less dependent on stimulus intensity than evoked potentials
of the mediun frequency range. The low, medium, and high frequency
responses may be generated by different and/or overlapping populaticns

. of neurons that may differ functionally and anat~mically (Regan and
Heron, 1969; Milner, Regan, and Heron, 1972).
Spekreijse (1966) used sinusoidally-modulated unpatterned light,

The results indicate that a relative peak of the fundamental was found
in the 10-Hz range. His data show that there are significant differences
in the relative peaks of the fundamental as a function of stimulus
frequency across subjects.
Responge Channels

The differences between the VER to contrast-modulated stimuli and
luminance-modulated stimili has been attributed to twec types of detection

charnels or pathways in the visual system -- cne for detecting spatial

contrast and one for detecting luminance changes. This dichotamy has

been confirmed both electrophysiologically and psychophysically.

12
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Electrophiysiclogically, this dichotamy in the visual system has been
- famd to remain fram the retina through the lateral geniculate nucleus

(Cleland, Dubin and Levick, 1971) to the occipital cortex (Ikeda and
Wright, 1974). These two channels are named for the type of retinal
ganglion cells that are found in the pathway. The chanhel that responds
to spatial contrast is called either the X-type (Enroth-Cugell and
Robsen, 1966) or sustained type (Cleland, et al, 1971). The chamnel
that respends to luminance changes is called either the Y-type (Enroth-
Cugell and Robson, 1966) or transient type (Cleland, et al, 1971).
Sustained channel responses are mere affected by a sharply focused stim-
ulus than are transient channel respimses (Ikeda and Wright, 1972).
The sustained cells linearly sum the effects of stimuli presented to
different parts of the receptive field (which is the area on the
retina that the cells infl@ce) , whereas the transient cells do not
(Enroth-Cugell and Robsan, 1966). The sustained cells have longer

respenise latencies, they respond to higher spatial frequencies, they

are excited by slower movements of small targets, and they generally

give a response of longer duraticn than do the transient cells (Hoffman,
Stone and Sherman, 1972; Ellenberger, Shuttlesworth and Palmer, 1977).

In other words, the sustained cells respond better to slow-moving, sharply
focused, high spatial frequency .targets while the transient cells

; respond better to large, fast-moving, blurred, low spatial frequency
! targets.
9

This two—channel characteristic may be demonstrated electrophysio-

L,

logically in humans with VER's elicited from high spatial frequency 1

Ed -&
P
Pl

stimuli such as small checks (Ellenberger et al, 1977). VER's elicited
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by small checks are mediated by the central retinal area (30 minutes of
aré) providing a means of studying the spatial frequency characteristics
of the visual system while the VER's elicited by low spatial frequency
stimuli, such as large checks, are mediated by the more peripheral
retinal area (4~6 degrees) providing a means of studying the temporal
frequency characteristics of the human visual system (Ellensberger, et aj,
1977) .

Psychophysical evidence has shown that low spatial frequency channels
are particularly sensitive to transient stimulation produced by rapid
motion (Tolhurst, 1973), flicker (Keesey, 1972: Kulikowski and Tolhurst, .
1973), and abimt stimulus enset (Breitmeyer and Julesz, 1975: Tolhurst,
1975), and these chamnels respond with a shorter latency than do high
spatial frequency channels (Breitmeyer, 1975). The high spatial fre-

quency channels seem 1.:0 prefer slowly moving, or staticnary, stimili
(Keesey, 1972; Kulikewski and Tolhurst, 1973) or stimuli presented by
long flashes of 800 milliseconds (Tolhurst, 1975).

Kulikowski and Tolhurst (1973) demonstrated that the manner in which
these channels responded to on/off and alternating patterns is indirect
evidence for sustained and transient behavior. Two distinct detection
thresholds for a temporally-modulated stimulus were found; ét one
contrast, the temporal character became evident; at a second contrast,

the spatial structure of the stimulus became evident. The two thresholds

varied independently with change in the temporal or spatial frequencies
of the stimuli. The simplest explanation given for these differences
was that the two thresholds were mediated by two independent sets of

neurons with ifferent spatial and temporal properties. Kulikowski and

14
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"‘ , Tolhurst (1973) used the term "movement-analyzers" for those neurons

- respensible for flicker detection and the term "form-analyzers" for

‘ those nieurons responsible for pattern recogniticn. They suggested that the
neurcns responsible for pattern recognition were similar to sustained

v cells because they did not decline in sensitivity at low ‘emporal

: frequencies and they responded equally well to alternating and on/off

: gratings uwp to about 8 Hz. The neurons responsible for flicker detection
“] were campared to transient cells because they respended better to low

ig and medium spatial frequencies, they showed a pronounced decline in

% sensitivity at low sinusoidally-modulated temporal frequencies, and they

%’ responded twice as well to alternating phase grating than gratings that
were turmned on and off at the same temporal frequency (Kulikowski and

W Tolhurst, 1973).

" | Spatial and Temporal Tuning

; . : Electrophysical and psirchophysic,al evidence has been présented :Ln

E% ‘the preceding secticns that indicates there are channels in the visual

l‘é system that are more sensitive to either spatially-structured stimuli or

'3 luninance-modulated stimuli. This sensitivity or tuning was demonstrated
§§§ by having the largest or optimum response produced by either spatially

o structured or luminance modulated stimuli; i.e., the sustained channel

%‘ ~ was tuned to higher spatial frequencies than the transient channel while
the transient chamnzl was tuned to higher temporal frequencies than the

r sustained channel.

'. The noticn that large and small checks demonstrate a selectivity to ' |
_ different temporal frequencies for an optimal response has keen referred |
to as temporal tuning (Regan, 1977, 1978). Temporal tuning provides a
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major distincticn between VER's produced by flickering an unpatterned
stimuli and VER's produced by the reversal of patterm stimuli (i.e.,
checks) (Regan, 1978). The VER's for fine patterns are optimal at low
temporal frequencies (5-7 Hz), the VER's for large patterns are cptimal
at higher temporal frequencies (10-18 Hz), depending on the field size.
Modulated unpatterned stimuli produce VER's that are optimal at terporal
frequencies similar to the large check temporal frequencies . (Rerhman,
Nissim and Arden, 1972; Regan, 1977; Regan, 1978). Regan (1978) suggests

that the differences are duve to respanses fram “pattei:n campenents' and

"local flicker camponents." The VER's for fine patterns are chiefly due -

to the pattern camponents, the VER's for large patterns are due to a
curbination of both patterns and local flicker cawponents, and the VER's
for the unpattermed stimuli are chiefly due to the local flicker com-
ponent. These responsesl may parallel the two-chamnel dactor arrangement
. -fomd psychophysically in humans (i.e., the pattern chammel is more
sensitive to slow moving, high spatial fregquency stimuli and the flicker
channel is more sensitive to fast moving, low spatial frequency stimuli)
(Regan, 1978).

Tyler, Apkarian and Nakayama (1978) described a study that detailed
the characteristics of the steady-state VER as a function of spatial
frequency. They presented several spatial frequency stimuli at the
same temporal frequency and measured spatial frequency tuning as a func-
tion of the temporal frequency for four cbservers. They cbserved that
the temporal frequency tuning was very narrow and this tuning depended
on spatial frequency. The sensitivity of this tuning was demonstrated

when a large peak at one spatial frequency was campletely altered by

16

O OO0 0, o, NN DL D T T (A Qe AT PR T IS AR 4
0 \’&1" SR Rl M RN Rt AR o A .Q. et

: i " f ol
. S A \‘& e _’o



a 10% change in the temporal frequency. They also cbserved that spatial
frequency tuning was narrow. In same cases. there was a single peak

of spatial frequency sensitivity at a given temporal frequency. A

third cbservation was that all subjects showed a tendency toward spatio-
temporal reciprocity. There was a pronounced tendency for high temporal
frequency responses to be limited to the lower spatial frequency region
and the high spatial frequency responses occur at lower temporal frequencies.
The fourth ckiervation was that multiple response peaks occurred at
different spatial and temporal frequencies for different cbservers.

While this inter-cbserver variability was evident, the within cbserver
variability was very low. Replications of spatial frequency functions
were cbtained from the same cbserver over menths. The final observation
was that camplex pattern responses of multiple peaks in spatial frecquency
tuning can occur in temporal régicns where little or no response to a
uniform field was evident. The authors claimed that this cbservation
was important because it ruled out explanations of the cawplexity of
pattern responses based on intsracticns between a single luminance

response and a single pattern response.
PURPCSE

The purpose of this study is to further explore the relaticnship
between temporal and spatial frequency in the visually evoked respense.
Specifically, this study will try to determine if the response tc three
checkerboard patterns is significantly and predictably altered by the
choice of temporal frequency. The following postulates are to be tested:

(1) for each observer, there will be an optimal temporal frequency or

17
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frequencies corresponding to a given pattern size, contrast, and
intensity; and (2) this relatiomship will likely vary between individuals

but will remain relatively constant for a given cbserver over time.
METHCD

Subjects

Cne male and two female cbservers, 25 through 31 years ¢f age, were
used in this study. All three observers had clear media and normal fundi.
The male cbserver and cne female cbserver were myopic but were corrected
to a Snellen acuity of 20/20 or better. The third cbserver was
emmetropic with a 3nellen acuity of 20/20 or better. Normal accanmcda-
tian and natural pupils were used.
Recording Apparatus,
) Organization of the recording apparatus used in this study is
diagrammed in Figure 1. The visually evcked responses were obtained by |
means of a monopolar surface electrode (Beckman) placed on the subject's |
midline two centimeters above the inion and referenced to two linked
electrodes located ant the earlobes. A ground electrode was placed on the
subject's forehead. Each subject was seated in a shielded rcom. The
responses were anmplified via a Grass P-15 amplifier with a gain of 1000
and a high and low 6 db roll-off of 3000 and 0.0l Hz, respectively.
Cne hundred twenty-eight responses were averaged in a Nicolet 1070 signal
averager that was interfaced with a Hewlett-Packard 2100 camputer

programmed to execute a Fourier analysis of the averaged data. Care was

taken to insure maximum resclution of the Fourier analysis and to aveoid

windowing of artifacts. This was done by insuring that an exart integer
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nurber of stimulus presentaticns (four repetiticns per sweep) was in-

- corporated in the data window. The signal averager's external address
was electronically stepped 256 times for each pattern reversal, thus
ensuring an exact integer number of stimulus presentations (4) within
the recording window and eliminating the need to consider window effects
in the transfoarmation of the data (Levi and Walters, 1977).

PROCEDURE

Each subject was presented with three stimuli. These stimuli were:
(1) a lé-degree square pattern of small checks where each check subtended
15 minutes; (2) a lé-degree square pattern of large checks where each
check subtended 57 minutes; and, (3) an unpatterned square stimulus
which subtended 17 degrees. These stimuli were presented in the center
of a square screen that was 21 deérees wide and 21 degrees high at a

distance of two meters in front of the subject.

' The two-check stimuli were produced from vectograph slides in a
checkerboard arrangement with alternate check polarization aligned 45
degtees on either side of vertical (Millodot and Riggs, 1970; Behrman,
Nissim and Arden, 1972; Walters and Yolton, 1976). The stimuli were
projected by two Kodak Carousel projectors. One projector provided the
background while the other projected the check pattern. A rotating
polaroid disc was placed in fromt of the lens of the pattern projector.

The rotation of the disc produced a sinusoidal modulation in such a way

that altemate checks were 180 degrees out of phase with each other.

A piece of reflecting silver tape was positioned on the disc so that

an electrical pulse was produced once every revolution for

19
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synchronization and triggering purposes. The unpatterned stimulus was
produced frem a vectrograph slide with its axis of polarization in only
one direction.

The advantages in using the above stirulus arrangement are: (1) the:
nurber of measurable response parameters is reduced (e.g., Pourier
camenents) ; (2) pattern reversal occurs automatically and precisely
(Arden, Bodis-Wollner, Halliday, Jefferys, Kulikowski, Spekreijse, and
Regan, 1977); (3) at high contrast, imperfections in the display can
be ignored (Arden, et al, 1977): and, (4) precise fixation is not
necesisary (Arden, et al, 1977).

The stimuli were quantified in terms of luminance and modulation
depth with a Pritchard phetometer. The average liminance of the stimuld
were: (1) 100 candelas per square meter for the small checks; (2) 115
candelas per square meter for the large checks; and, (3) 97 candelas

pér square meter for the wnpatterned stimulus. The average luminance

of the bédcgroxmd was 72 candelas per square meter. The average percent
modulation depth of the stimuli was 25 percent.

Each stimulus presentation series contained 20 temporal frequencies
presented in numerical sequence in either an ascending or decending
order. The lowest temporal frequency was 4 Hz and the highest was 23.
The length of time required for each stimulus series was 35 minutes.

Cnce the anplitude and phase data from the Fourier components were
calculated, the amplitude ¢ the fundamental camponent and phase were

plotted as a function of the stimulus temporal frequency. Curve fitting

was done using a polynamial regression with either threes or four degrees

of freedan. The plots of these data were achieved with a Hewlett-Packard
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_study, the fundamental camponent of the VER in a single averaging session

7010A X~-Y Plctter. All data represented in these plots were required to

have a signal-to-noise ratio of at least two. That is to say, in this

was required to be at least twice the relative magnitude of the averaged
noise l3vel for that stimulus frequency in order for it to have been con-
sidered valid data. This criterion was empirically determined based cn

pilot work.
RESULTS

The results of this study are graphically displayed in Figures 2
through 15. Figures 2 through 12 were plotted using a polynamial regres-
sion with four degrees of freedam while Figures 13, 14 and 15 were plotted
using three degrees of freedom. The raw data fraom which these plots were
produced are contained in Appendix A. In all figures, the X-axds displays
the temporal frequency (Hz) of pattern reversal or luminance change (for
the unpatterned stimulus only). The Y-axis represents either the relative

amplitude of the fundamental VER component with a positive number (Figures
2 through 12) or the relative magnitude of the phase difference between
the stimulus and the fundamental VER coampeonent with a negative number
(Figures 13, 1< and 15) (Spekreijse, Estevez and Reits, 1977). As noted
in the previcus section, the criterion four selecting data for display was
a signal-to-noise ratio of two or greater in any part. Occasionally,
subjects prcduced no record above the criterion for an entire run, This

phenamena will be Aiscussed later.

Campined Presentaticns vs Single Presentation
When describing the differences between the respmses to single stimali

fram each subject (intersubject differences) ard the differences between
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the respmse to each stimulus fram a single subject (intrasubject
differences), data from both a single trial and multiple trials were
used. The figures representing the data from a single trial had their
data points included in the figure. In order to give the reader a
perspective relating carbined vs single trial raw data, Figures 2, 3 and
4 display a carparison between the carbined data for each presentation
of a stimulus and the data fram a single stimilus series. Figures for
the carbined data, Figures 2A and 3A, contain the data collected from
five stimulus series collected over a six-week period for the l5-minute
and 57-minute checkerboard stimuli for subject RM. Figure 4A contains
data collected from six series of the unpatterned stimulus cnllected over
the same time pericd for subject RM. Figures 2B, 3B and 4B are presen-
tations of cne of the st:i.xmlus series contained within Figures 23, 3a
and_ 4A respectively. The single series presentations allow the use of
the actual data points collected from a single series. The use of all

of the data points collected for the tcmbined series on a single graph
would be too congested to be meaningful.

Figures 2A anxl 2B display the data collected fram subject RM using
the 15-minuce patterned stimulus. The maximum amplitude for both the
carbined trial (22) and the single trial (2B) peak at the temporal
frequency of approximately 10 Hz. Figures 3A and 3B display the data
collected fram subject RM using the 57-minute pattermed stimlus. The
maxdimum anplitudes for both the corbined trials (3A) and the single

trial (3B) peak at the tewporal frequency of about 18 Hz. Figures 4A

and 4B display the data collected from subject RM using the unpatterned

stimulus. The maximum amplitudes for both figures peak at a temporal
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frequency of 16 Hz.
- Though the maxdmum anmplitude of the carbined vs single responses
fram each run are different, the shape of the curves for the canbiried
presentaticns and single presentation for each stimulus are very similar.
This fact demonstrates subject stability over time for the subjects used
in this study.
Iptersubject Differemces in VER's for Each Stimulus

Figures 5, 6 and 7 graphically display the differences in the response

curves between each subject for the same stimulus conditio.

Figures 5A, 5B and 5C display the response curves from each subject
elicited by the i1S-minute patterned stimulus. These figures indicate
the relative magnitude of the responses for subjects RM, LP and RR
respectively; RM's respanses peak at 10 Hz, LP's peak at 7 Hz, and RR's
responses peak at about 4 Hz. MFigure SD combines Figures SA, 5B, and
5C on cne set of axes for ease of camparison. Each of the three subjects
elicited different response curves to the 15-minute check stimulus.
Subject RM's data were plotted as a unimedal curve while LP's data were
plotted as a bimedal curve with a primary peak at 7 Hz and a secondary
peak at 21 Hz. LP's response curve had a dramatic rise and fall at the
two peaks while RM's response curve had a definite peak but without the
dramatic rise and fall of the respanse curve. The response curve for RR
had the least definite peak except at the initial frequency of 4 Hz.

The relative magnitude of the primary response curves for subjects RM
and LP exceeded 250 units of anplitude while the secondary peak for LP
was above 100 units. The peak of the response curve for RR was below

100 units with a camensurate low signal-to-noise ratio. It is interesting

23




+

- - -_p =
DA rers,

J

o ol o
S

S MR

D
A2

- -

P

s T
X2

™

e I S

P e )

o

e ki .‘:
e

A RS 0l 3.0 Bag ful ol Aol Sol Sof B0 R0 VG PaV L VAV, AV AT A6y RUELAWS V) AU, RNg SUA RTS8 )

to note that when the dcta in Figure SB is £it with a curve with three
degrees of freedom, it is unimodal.

Figures 6A, 6B, and 6C graphically display the data elicited by the
57-minute patterned stimulus fram subjects RM, LP and RR respectively.
RM's response curve peaks at 17 Hz, LP's response curve peaks at 7 Hz
and RR's response curve peaks at 9 Hz. Figure 6D canmpares all three
functions on a single scale and illustrates the difference in response
curves to the 57-minute stimulus for each subject. All three curves were
unimodal with definite peaks. RM's response curve had the greatest
relative magnitude at about 200 units, while LP's curve peaked above
150 wnits and RR's curve peaked at relative magnitude of slightly
above 100 units.

Figures 7A, 7B and 7C graphically display the response curves from
each subject elicited by the unﬁatterned stimulus. This stimulus was
modulated at a temporal frequericy twice that of the luninance change
frequency used for the patterned stimuli so that the response frequency

for both types of stimuli would be the same.l

These figures display the
individual response curves from subjects RM, LP, and RR respectively.

This stimmlus produced a maximum relative amplitude at 15 Hz for subject
RM and at 17 Hz for subjects LP and RR. While there are large differences
in the magnitude of the responses, all three curves peak within the regicon
of 15 to 17 Hz.

Figure 7D combines the response curves to the unpatterned stimulus

1 The response frequency for pattern alternation stimuli is most
frequently found to be at the frequency of the pattern altemation rate
or twice the rate of luminance change.
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for each of the three subjects. 2all three curves were unimodal with

definite peaks for subjects RM and LP at 15 Hz and 17 Hz respectively.
RR's respanse curve had a less definite peak at 17 Hz. Of the three
response curves, the most dramatic peak was found for subject LP's
data at a relative magnitude between 600 and 700 units. The least dram-
atic peak was found for RR's data at a relative magnitude of approximately
150 units. RM's response curve peaked at a relative magnitude of almost
500 wnits. Visual inspection would suggest that while the amplitudes
vary, there is cmsiderable similarity in the shape of the response curves
produced by the unpattermed stimulus.

The patterned background responses were achieved by presenting each

AT

E e

subject with an unmodulated patterned visual stimulus. Figures 83, 8B

and 8C depict the response curves from each subject elicited by the
patterned background noise. These figures display the responise curves
from subjects RM, LP and RR respectively. RM's response curve peaks at

4 Hz with approximately 45 units, LP's peaks at 8 Hz with approximately
35 units, and RR's response curve peaks at 6 Hz with approximately 32
units. Subject RM's data were plotted as a slightly bimodal curve with
the greatest amplitude at 4 Hz with 45 units and a smaller secendary
increase in anmplitude of approximately 40 units at 16 Hz. Subject LP's
respanse curve is definitely bimcdal with a primary peak at 8 Hz and a
secondary peak at 22 Hz with an amplitude of approxdimately 25 units.
Subject RR's response curve peaks at 6 Hz and gradually decreases to its

lowest amplitude of 25 units at 23 Hz.

The unpatterned background responses were achieved by presenting

each subject with the luminous visual stimulus without modulation.
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Figures 93, 9B and 9C depict the respanse curves from each subject
elicited by the unpatterned background noise. These figures display the
respanse curves fram subjects RM, LP and RR respectively. RM's response
curve peaks at 4 Hz with approximately 42 units of amplitude, LP's also
peaks at 4 Hz with an amplitude of approximately 47 units, and RR's
respanse cwrve peaks with an amplitude of approximately 37 units also
at 4 Hz. Each subject's responses were plotted as a unimodal curve
with the greatest amplitude at the lowest temporal frecuency. In each
curve, the relative amplitudes of response gradually decreased as the
tenporal frequencies increased.
Intrasubject Differences in VER's for esch Stimulus

Figures 10, 1l and 12 plot the signal and noise data on the same

coordinate for each of the three subjects. The upper curve in each
case represents the evoked potential data while the lower curve presents
the ambie a2t noise. '

Figures 10A, 10B and 10C display the response curves from subject

RM to the 15-minute check stimulus, the 57-minute check stimulus, and
the unpatterned stimulus respectively. Figures 11A, 11B and 11C dis-~
play response curves from subject LP to the l5-minute c¢heck stimulus,
the S57-minute check stimulus, and the unpatterned stimulus respectively.
Similarly, Figures 12A, 12B and 12C display response curves froam subject
RR to the 15-minute check stimulus, the S57-minute check stimulus, and
the unpatterned stimulus respectively.

e 25 ‘

Subject RM responded differently to each of the three stimuli as
o shown in Figures 10A, 10B and 10C. The peak fram the 15-minute stimulus
LAY
éﬁ occurred at 10 Hz, the peak for the S57-minute stimulus at 17 Hz and for !
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the unpatterned stimulus at 15 Hz. The unpatterned stimulus produced
the respcnse with the greatest relative magnitude, over 400 units.

The l5-minute stimulus produced the next greatest relative magnitude
respcnse with about 250 wnits. The 57-minute stimulus produced the peak
with the least relative magnitude of less than 200 units. In each of
these cases, the relative magnitude of the background noise response curve
was less than 70 units.

Subject LP also presented a different response to each of the three
stimuli as shown in Figures 11A, 11B and 11C. The response curve to the
1S—-minute stimulus was bimodal with a primary peak at about 7 Hz and a
secondary peak at about 21 Hz. There was a dramatic rise and fall in
arplitude cn  either side of the primary peak frequency. The uninedal
response curve to the 57-minute stimulus also peaked at about 7 Hz.

However, the rise and fall of this response curve was much less dramatic
 than found with the 1lS5-minute stimulus. The unimcdal response curve to -

“ﬁ;g the unpatterned stimulus had the greatest relative magnitude of any of

ht :.\‘ the three stimili with a magnitude greater than 400 units at about 17 Hz.
:E):':i‘} The lS5-minute stimulus produced the response curve with the next

g?ﬁﬁ greatest relative magnitude with a primary peak of about 240 units and
, the secondary peak of about 160 units., The 57-minute stimulus produced
. . the least relative amplitude with slightly more than 160 units at the
j;' peak frecuency. The background noise respanse curve produced by each

o of the (staticnary) stimuli was less than 75 units.

\? Figures 12a, 128 and 12C illustrate subject RR's responses to each

)
'. of the three stimuli. The 15-minute stimulus resulted in a response
i
)

curve with a peak at 4 Hz. The response curve, however, was not greater
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than twice the background noise as seen in Figure 12A. In fact, the
relative magnitude of the respanse curve was less than the relative
magnitude of the background noise at 20 and 23 Hz. ' In Figure 128, the
drta from the 57-minute stimulus produced a unimedal curve with a peak
at 9 Hz with the greatest relative amplitude of approximately 90 wits.
The unpatterned stimulus also produced a wnimodal respense curve with
a peak at 17 Hz with a relative amplitude of 150 units as seen in Figure
12C. WwWhile the signal-to-noise ratio at the peak tenporal frecquency
was much greater than two, the signal-to-noise ratio at the lowest
temporal frequencies, as seen in this figure, were much less than two.
In fact, the backgrourd response was greater than the stimilus response
at 4 and 6 Hz.

Clearly, subject RR's data has t;he pocrest sigxzal;to-'noise ratios.
Although pis visual functicn was not materially different from the cther

subjects by clinical standards, his VER amplitudes (Figure 12A) are
certainly substandard. The situation inmproved scmewhat for the large
check data (Figure 12B). In addition, unpatterned response data (Figure
12C) are respectable fram a signal-to-noise ratio point of view for the
middle and higher temporal frequencies.

The overview of the amplitude data provided by Figures 10, 1l and 12
is interesting. The unpatterned stimulus produced the largest response
fram each subject. The 57-minute patterned stimulus produced the next

largest respanse for subject RR. The 57-minute stimulus produced the

lowest respanses for subjects RM and LP while the lowest for subject RR
was produced by the lS-minute stimulus. Each stimulus produced essen-

tially unimodal respanse curves for subjects RM and RR. Subject LP
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had a definite bimodal response to the lS-minute stimulus while the
other two stimuli produced unimodal response curves. Also, subject LP
was the only subject whose peak respanses to the pattérned stimuli and
the patterned background noise nearly coincided. Figure 8B displays
a response curve fram the patterned background noise which was bimodal
with the primary peak at 8 Hz and the secandary peak at 22 Hz. Figure
11A displays a bimodal response curve from the LS-minute stimulus with
meprimrypeakateﬂzandasecondarypéakat 21 Hz., TFigure 11B
displays a unimodal response curve fram the S57-minute stimulus with the
peak relative amplitude also at 7 Hz. While these peaks did nearly
coincide, the signal-to-noise ratics were well above two for this
subject. The signal-to-noise ratics for subjects RM and LP were well
above two in all cases while the signal-to-noise ratio for +he patterned
stimuli were less than two for subject RR. | The signal-to-noise ratio .
produced by the 57-minute check stimulus from subject RR was 3:1.
Phase Characteristics

Figures 13, 14 and 15 display the plots of the relative phase dif-

ference between the stimilus and the fundamental VER camponent as a
function of stimulus frequency (Spekreijse, Estevez and Reits, 1977).
The phase (Y-axis) is shown in radians (e.g., 2 7¢ radians equals 360°).
The curves for these plots were £it with three degrees of freedam.
Figures 132, 13B and 13C display the phase differences for subject
RM as found with the 15-minute stimulus, the 57-minute stimulus and the

unpatterned stimulus respectively. Figures 13A and 13C show a nearly

linear relationship while Figure 13B shows a small "jurp" in the phase

difference between 17 Hz and 18 Hz. The curve plotted in Figure 6A
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represents the amplitude data for the same stimulus array with a peak
located at 17 Hz.
Figures 14A, 14B and 14C display the phase differences for subject
LP produced by the 1l5-minute stimulus, the S7-minute stimulus and the
unpatterned stimulus respectively. Figure 14A shows a slight " jump"
in the phase difference between 12 Hz and 13 Hz. The response curve
plotted in Figure 5B is the amplitude data for the stimulus of Figure
1l4a. Its peak was located at 7 Hz. Figures 14B and 14C show a nearly
linear relaticnship between the phase difference and stimulus frequency
and their response curves are displayed in Figures 6B and 7B respectively.
Figures 15A, 15B and 15C display the phase differences for subject RR.
They represent the 15-minute, the 57-minute, and the unpatterned stimulus
respectively. Figures 15A and 15B display a nearly linear relationship
. between the phase difference and sti.xmius frecquency. Figure 15C displays
-a slight "jdmp“ in the phase difference between 10 Hz and 11 Hz.

Figure 16 depicts the data for phase as a function of stimulus
frequency from the Spekreljse, Estevez and Relts (1977) study using un-—
structured stimilus fields. These data were extrapolated from their
graph and replotted using the same curve fitting technique used in Figures
13, 14 and 15 in this study. The resulting curve, appears nearly linear
and not unlike several of the plots produced in this study.

In sumary, Figures 13, 14 and 15 display the phase data for each
subject. Interestingly, each subject showed a phase discontinuity or

"Yump! for different stimulus arrays. i
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DISCUSSION

Prchlems

Before attempting to discuss the specific results of this study,
sane remarks about a few of the problems encountered are in order. In
this study, care was taken to vary the order of stimulus presentation.
In addition, the numerical sequence of the temporal frequencies was
varied (e.g., presented either in ascending or descending order). How—
ever, the stimulus response data are not equally balanced between the
ascending and descending sequences. 2n inspection of the raw data
revealed no influence of stimulus frequency order.

In this study, background noise was defined as the uncorrelated
neural background activity present at each stimulus frequency (Tyler,
Apkarian and Nakayama, 1978). When using the signal-to-noise ratio in
the evaluation of the response arrplii:ude, it may be helpful to record |
thé response to a hanogeneous staticnary field during each recording
session. However, in this study, each complete data collecticn series
required 35 minutes and usually more than one stimuilus series was can-—
pleted during a single sitting. This amount of time precluded the
measurement of the noise level at each sitting because the subjects
tended to became restless. Therefore, the noise responses were measured
anly at varied intervals. This resulted in hav.’;.ng more than cne stimulus
series compared t¢ each background noise measurement.

A criteria signal-to-noise ratio of 2:1 was empirically determined
as being efficacious fram pilot data. Graphically, the influence of

the backgrownd rasponses on the stimulus respanses were easily determined.
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A signal-to-noise ratio criteria of 2:1 worked well for subjects RM
and LP. Most of the ratics fram these twn subjects were well above
a 2:1 ratio. The small check evoked responses from subject RR, however,
were always below the 2:1 ratio and occasicnally the background noise
was larger than the stimulus response. Subject RR's respanses to the
large check stimulus and unpatterned stimulus approached the magnitude
of the respenses fram the other two subjects but occasionally the back-
ground noise was nearly as large as the stimulus response. Hence, the
discussion will concentrate on the data fram subjects RM and LP.
Data Assessment

Figures 10, 1l and 12 presented the data in the form of combined
presentations from each stimulus for subjects RM, LP and RR respectively.
The nunber of carbined stimulus presentations for subject RM varied fram

five presentations of each of the pattern stimuli to six presentations

of the mpattefmed stdmulus. ihe number of ccmbined stimulus presenta-
tions for subject LP varied from four presentations of the 1S5-minute
stimulus to five presentations of the 57-minute stimulus and the unpatter-
ned stimulus. The number of carbined stimulus presentations for subject
RR varied from three corbined presentatians of the 15-minute stimulus to -
four presentations of the 57-minute stimulus and the unpatterned stimulus.
Figures 10A, 10B and 10C illustrate subject RM's responses to the
15-minute, the 57-minute and the unpatterned stinmuli respectively. There
are clear differences in the response curve for each stimulus. These
differences are manifest in curve shape, the peak stimulus frequency
response, the relative magnitude of the peak stimulus frequency response,

and the signal-to-noise ratio.
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~ The upper curve in Figure 10A is the response curve for the fin-
damental camponent of the VER from five combined presentations of the
lS-minute stimulus. The lower data points represent the fundamental
camponent of the VER from a single recording of the pattermed background
noise. The upper curve is unimedal with a peak located at the stimalus
frecquency of 10 Hz and a relative magnitude of more than 240 units. At
the stimudus frequency of 10 Hz, the peak of the stimulus respanse curve
is larger than the peak of the noise response by a ratio of almost 7:1;
whereas, at other stimulus frequencies, the signal-to-noise ratio decreases.
This increased signal-to-noise ratio draws attenticn to the fact that
the peak of the stimulus response at this stimulus frequency is not con-
tingent cn the background noise. The lower noise data appear to have
several peaks with the largest being at 4 and 5 Hz with a relative
magnitude of 70 units. Also, at the stimulus frequency of 4 Hz (where

.the largest peak for the noise data is found), the stimulus response
curve had its smailest respanse resulting in a signal-to-noise ratio
of less than 2. Therefore, where the signal-to-noise ratio is largest, it
can be assured that the response peak is not influenced by the uncorre-
lated background noise at that stimulus frequency (Tyler, et al, 1978).

In Figure 10B, the upper curve represents the response for the

fundamental conponent of the VER for five combined presentations of the

57-minute stimilus. The lower data points are the fundamental conponent

of the VER fram a single recording of pattemmed background noise and

9

; | are the same data presented as background noise in Figure 10A. The

2% |
#} 4 upper curve appears unimodal with a peak at the 17 Hz stimulus frequency

y Z5:

0
,_g_)‘

and a relative magnitude of about 175 units. The lower data points

appear nultipeaked, the largest being at 4 and 5 Hz with a relative
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magnitude of 70 units. At the stimilus frequency of 17 Hz, the signal-
to-noise ratio was at its maximum, in excess of 4:1. On either side of
this stimilus frequency, the ratio appears to decrease. This indicates
that the stimulus response peak is not influenced by the background
noise. The signal-to-noise ratio appears to be the least in the 4 to
8 Hz stimulus frequency range which also indicates that the background
noise does not affect the subject's responses to the stimulus at that
stimilus fregquency.

Subject RM's respanse curve to the unpatterned stimulus is shown as
the upper curve in Figure 10C. This curve represents the fundamental
carpaonent: of the VER fram six cambined presentaticns of the unpattermed

stimulus. The lower data points represent the fundamental companent of

the unpatterned background noise. The upper curve is unimedal with its
peak located at a stimuius frequency of 15 Hz. The relative magnitude
at the peaking s"#irm:lu_s frequency is approximately 450 units. The lower
data points tend to be multipeaked with the greatest peak at 5 Hz and a
relati-re magnitude of approaxdmately 50 units., The maximum signal-to-
noise ratio of 13:1 is found at the stimulus frequency of 15 Hz. This
again demonstrates that the peak of the stimulus response curve is not
dependent upon the background noise level. The maximum peak for the
background noise for these data is located in the stimulus frequency
range which produced the lowest amplitude first harmonic (fundamental)
evoked potential.

Each of subject RM's VER response curves for the 15-minute, 57-

minute and unpatterned stimili are unimedal. The peak of each curve

occurs at a stimumlus frequency where the signal-to-noise ratio ‘s
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maximum. This indicates that the maximum stimulus response is not the
result of high amplitude ambient activity. While each stimulus curve is
wnimodal with the peak at the stimulus frequency of the maximum signal-
to-noise ratio, the peaks are located at different stimulus frequencies and
they manifest different relative magnitudes. The 1S-minute stimulus

respcnse curve has its peak located at 10 Hz for this subject while the
57-minute and unpatterned peaks are located at 17 Hz and 15 Hz stimulus fre-
quencies respectively. Those peaks produced by the patterned stimuli

follow the notion of spatictemporal reciprocity with the lower spatial
frequency stimulus preducing a8 response in the higher temporal frequency

; region (Tyler, Apkarian and Nakayama, 1978). According to Regan (1977,
i} 1978), large-check stimuli of 40 minutes or above produced responses which
%;% are a mixture of pattern responses and unpatterned responses with the peak
&

stimulus frequency near the unpattermed peak stimulus frequency. This
type of temporal tuning, described by Regan (1977, 1978), is clearly
seen in the response curves produced by this subject.
In a camparison of the signal-to-noise ratics, the largest ratio of
13:1 is found with the unpattermed stimulus. The next largest ratio is
slightly greater than 7:1 produced by the 15-minute stimulus. The smallest
ratio of slightly more than 4:1 is found with the 57-minute stimualus.
Figures 1ll1A, 11B and l1C are response curves based on the data pro-

duced by subject LP fram the l5-minute, the S7-minute, and the unpattemmed

stimuli respectively. The response curve to each stimulus can be compared

-
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for curve shape, the stamulus freguency at which each curve peaks and
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fundamental coampenent of the VER fram four presentations with the 15-
minute stimulus. The lower data points represent the fundamental com-

ponent of the VER fram a single recording of the patterned background

noise. The upper stimulus response curve is bimcdal with a primary
peak at 7 Hz and a secondary cne at 21 Hz. The magnitude of the primary
peak is 240 units while the magnitude of the secondary peak is slightly
more than 160 units. The noise data have many peaks with a maxdmm at
a frequency of 8 Hz and a relative magnitude of 35 units. At a stimilus
frequency of 7 Hz, the signal-to-noise ratio is approximately 7:1. The
secondary peak frequency is 21 Hz and the signal-to-noise ratio is ap-
proximately 6:1.

The responses for the fundamental compconent of the VER fram five

carbined presentatims of the 57-minute stimulus are plotted as the upper
cmurve in Figure 11B. In this same figure, the lower curve represents
the fundamental camponent of the VER for a single recording of the
background noise. The upper curve appears unimodal with a peak'at the
7 Hz stimulus frequency and a relative magnitude of approximately 170
uits. The lower data are multipeaked with the largest at 8 Hz with a
relative magnitude of 35 units. A maximm signal-to-noise ratio of 5:1
is found at 7 Hz. The smallest signal-to-noise ratio is found in the
higher temporal frequencies range where the background noise appears to
be the greatest and the stimulus response appears to be the least.

The upper curve in Figure 11C represents the response curve for the

fundamental compenent of the VER f£ram five presentations of the unpat-

terned stimulus. The lower data points represent the respcnses' for the

fundamental camponent of the VER for a single recording of the unpatterned
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background noise. The upper curve is unimeodal with the stimulus response
peak located at 17 Hz and » relative magnitude of approximately 500 units.
The lower background noise data points are multipeaked with the largest
response located at 9 Hz and a relative magnitude of 50 undts. A

raxdimum signal-to-noise ratio of approximately ll:l is found at the 17 Hz
stimulus frequency.

Subject LP's respanse curves representing the fundamental carmponents
of the VER from the S57-minute and the unpati..ned stimuli are wnimodal
while the response curve for the lS-minute stirmulus was bimodal. The
peaks of the 57-minute and unpatterned stimuli and the primary peak of
the lS—minute stimulus occur at a place where the signal-to-noise ratio

is a maximun, The peaks of the stimilus respanse to the two patterned

stimuli are located at the same stimulus frequency, 7 Hz, while the peak
of the unpatterned stimulus is located at 17 Hz. The peaking of the
stimulus response curves for the patterned stimuli do not support spaﬁio—
tenporal reciprocity since they pesk at the same stimulus frequency.
Additimally, the 57-minute stimulus response does not appear to be
mixture of the small (1l5-minute) patterned response and the unpatterned
response because the peak is located at the same stimulus frequency as
the l5-minute response and does not appear to be a combination of these
two. In a camparison of the signal-to-noise ratics for subject LP,

the largest ratio of 1ll:1l is found with the unpatterned stimulus, The

next largest ratio, approximately 7:1, is found with the lS5-minute
stimulus. The smallest ratio of 5:1 is found with the 57-minute stimalus.
Even though the peak temporal fregquencies fram the 15-minute and 57-

minute stimuli and the peak frequency fram the pattermed background noise
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nearly coincide, the signal-tc-noise ratiocs are large, indicating that
the peaks represent the neural activity evcked by the stimulus and not
fram the uncorrelated background activity at the stimulus frequency
(Tyler, et al, 1978).

The upper respanse curves in Figures 12A, 12B and 12C are the
respanse curves for the fundamental coamponents of the VER from the 15~
minute, the 57-minute, and the unpatterned stimuli respectively for
subject RR. The lower curves are the data for the fundamental corres-
ponding background noise for subject RR. The upper curve in Figure 12A
is produced by cambining three presentations of the 15-minute stimulus.
This curve appears to be nearly linear except at the initial stimulus
frequency of 4 Hz. The relative magnitude of the response at 4 Hz is
approximately 70 units. The lower data points are produced by the pat-

terned bédcground noise. The largest background amplitude occurs at the
20 Hz frequency with a relative magnitude of 45 units which is larger
than the relative magnitude of the response curve at that frequency.
At 4 Hz, the relative magnitude of the beckground noise is approximately
40 units. The signal-to-noise ratio at all stimulus frequencies is less
than 2:1.

Pigure 128 displays a curve produced by four cambined presentaticns
of the 57-minute stimulus. The lower data points are produced by a single
recording session of the patterned background noise. The upper curve
appears unimodal with a peak stimulus response at 9 Hz and a relative

magnitude of approximately 90 units. The lower (noise) data points have
several peaks of approximately the same magnitude which appear at 15, 20

and 23 Hz with relative magnitudes of approximately 50 units. The
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maximm signal-to-noise ratio of slightly more than 3:1 occurs at 9 Hz.
On either side of this range of frequencies, the signal-to-noise ratio
decreases.

Subject RR's respanse curve to the unpatterned stimuilus is shown as
the upper curve in Figure 12C. It is produced by carbining four presen-
tations of the stimudus. The lower data points are produced by a single
recording sessicn of the unpatterned background noise. The upper curve
appears unimodal but there appears to be a slight peak at the 4 Hz stimulus
frequency. This peak may be due to an increase in the background noise |
at 4 Hz. The upper stimilus response curve shows the largest amplitude
at 17 Hz with a relative magnitude of approximately 150 units. The lower
data points appear to have several peaks with the largest peak at 4 Hz
and a relative magnitude of 75 units. At 17 Hz, the relative magnitude
of the lower data point is approximately 25 units, resulting in a gignal—

to-noise ratio of 6:1. The signal-to-noise ratio appears to decrease on
either side of the 17 Hz stimulus frequency, particularly fram 4 Hz to 1l
Hz. The small peak of the response curve located at 4 Hz may be attri-
buted to a carbination of the response to the stimulus carbined with the
background noise.

Subject RR's response curve to the 1S-minute stimulus is nearly linear
except at the initial 4 Hz stimulus frequency. There appears to be a
slight increase in the relative magnitude of the respinse curve between

13 Hz and 15 Hz but there is also an increase in the relative magnicude

of the background noise between those frequencies. The respanse curve j
to the S57-minute stimuilus appears to be unrelated to the background noise

for the stimulus frequencies in which the response peak is found. The ~
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respanse curve to the wnpatterned stimilus also appears to be unrelated
to the background noise for the stimulus frequencies in which the response
peak is found. However, in the lower stimulus frequency range, the
stimulus respmse curve appears to be influenced by the background noise.

In a caparisan of the data provided by subject RR for each stimulus,
the data fram the 15-minute stimilus appears to be confounded by back-
ground noise. The respanses to the 57-minute and unpatterned stimuli
peak at 9 Hz and 17 Hz respectively. The relative magnitude of the
respanses to these two stimuli are similar at approximately 90 units for
the 57-minute stimulus and 150 units for the wnpatterned stimulus. The
largest signal-to-noise ratio of 6:1 is produced by the unpatterned stimulus.
A signal-to-noise ratio of slightly more than 3:1 is produced by the 57-
minute stimilus. When camparing RR's data for the S57-minute and unpatterned
stimuli to ﬁegan's data (1977, 1978), RR's data show the same type of
peaking relationship. The 57-minute stimulus produces a peak in the

higher temporal frequencies. However, Regan's data (1977, 1978) show a
greater magnitude of respanse for the unpatterned stinulus than for the
pattermed stimilus. Subject RR's data does not show this difference in
response magnitude.

The difference bhetween the VER to contrast modulated stimuli and
luminance modulated stimuli has been attributed to two types of detection
channels in the visual system. The channel which responds to spatial
stimuli has been referred to as either the X-type (Enroth-Cugell and

Robson, 1966) or sustained type (Cleland, et al, 1971). The sustained
type respands better to slow moving, sharply focused, high spatial

frequency targets. The channel wnich responds to luminance changes is



called either the Y-type (Enroth-Cugell and Robscn, 1966) or transient

type (Cleland, et al, 1971). The transient type responds better to large,
fast moving, low spatial frequency targets. This tendency for high spatial
frequency respanses to occur at low temporal frequencies while the low
spatial frequency respanses occur at high temporal frequencies had been
referred to as spatiotemporal reciprocity by Tyler, et al (1978).

Regan (1977, 1978) has presented a sinalar notion referred to as tem-
poral tuning where high spatial frequency and low spatial frequency stimuli
such as small check and large check stimuli demonstrated a selectivity to
different temporal frequencies for an optimal response. Typically, the
largest respanses to small checks are faund at 5 to 9 Hz whereas large
check stimuli (greater than 40 minutes) produce the largest responses
between 15 and 21 Hz (Regan, 198l1). However, Regan (1978) also demon-—

strated that the response curve elicited by the large check stimuli can

_be bimodal with a slightly smaller peak in the same range as the small
check stimall. Unpatterned stimuli were found to produce peaks in the
same range as the large check stimulus (Regan and Richards, 1973, and
Regan, 1978). Regan (1977, 1978) also made the point that the magnitude
of the respanse to unpatterned stimuli is larger than the magnitude of
the respanse to the patterned stimuli. However, small check stimuli
produce a larger response than large check stimuli. Large check stimuli
give responses which, according to Regan (1977, 1978), are a mixture of
patterned respanses and unpatterned respanses.

Table 1 presents a camparisan of respanses to each stimulus from each

swject. Camparisans are made in four categories: the shape of the i

stimulus response curve (CS), the temwporal stimilus frequency at which the
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peak or the largest response to the stimulus is found (SF), the
relative magnitude of the peak (Rel Mag), and the signal-to-noise ratio
at the peak stimulus respcnse (S/N).

The greatest difference in the shape of the response curves is pro-
dueed with the 15-minute stimulus. The response curve is unimodal from
suwject RM, bimodal from subject LP and nearly linear from subject RR.
The respanse curves to the 57-minute and unpatterned stimuli are unimodal
faor all subjects.

As seen in Table 1, the notion of spatictemporal reciprocity (Tyler,
Apkarian and Nakayama, 1928) is found in the stimulus frequency responses
to the 1S-minute and 57-minute stimuli for subject RM. The lS-minute
stimulus preduced a peak at a temporal frequency of 10 Hz while the
57-minite stimulus produced the peak at the higher temporal frequency
of 17 Hz. The peak respense of LP to both the lS-minute and S7-minute

stinuli are produced at 7 Hz. Regan (1977, 1978) found that the small
(15~ndxutee) check stimuli typically produced a peak at a lower temporal
frequency (7 Hz) than the large (40 or more minute) check stimuli. How-
ever, Regan (1978) does make the observation that his large check produced
two peaks, one of which was located at the same temporal frecuency (7 Hz)
at which the small check stimulus peaked.

Subject RR's responses may adhere to the notion of spatictemporal
reciprocity but the low signal-to-noise ratio to the l5-minute stimilus
prohibits any firm conclusion. The peak fram the 57-minute stimulus,
however, was found to be within the expected range of 5-9 Hz.

Each subject's response to the unpatterned stimulus peaked within 3

the 15-21 Hz range as found by Regan (1978). The peak response fram RM
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’ was at 15 Hz, LP's was at 18 Hz, and RR's respnse peaked at 17 Hz.

w The magnitudes of RM's and LP's peak response to the patterned

‘#; stimuli were larger for the lS-minute stimulus than for the 57-minute
ot stimulus and their peak response to the unpatterned stimuli was larger
;:.',:: than that for the 15-minute stimulus. Regan (1977, 1978) also showed
gi?l'} ) that the response magnitude was larger for the unpatterned stimulus

':;3':'53 " than for either of the check patterned stimuli. For Regan (1977, 1978),

the smaller checks (15 minute) produced larger response magnitudes than
! the larger checks (40 minutes or larger). Subject RR's responses did
not follow this pattern. The smallest response was found for the 15-

%) minute sti.xmlué while the responses from the 57-minute and unpatterned

s

% stimili had similar magnitudes.

. * The final category found in Table 1 is the signal-to-noise ratio. The

signal-to-noise ratios in this table were the largest ratios found for .

1 each response curve from each stimilus for each subject. All of the

:, A‘ signal-to-noise ratics were above 2:1 except for the responses fram

!" I sWject RR for the lS-minute stimulus. The largest values for each sub--
é?,ﬁ: ject were found with the unpatterned stimulus. The next largest for

3{@} subjects RM and LP were found with the l5-minute stimulus. The smallest
i .‘5 ratios for subjects RM and LP were produced by the 57-minute stimulus.
2? | While RR produced his largest signal-to-noise ratio to the unpatterned

E stimilus, the l5-minute stimulus produced the smallest ratio and the

.qj 57-minute stimulus produced the second largest ratio. Fram these data,
,'EM it appears that the responses to the unpatterned stimulus were the least

o

affected by the bhackground noise.

"

3 As part of the data analysis in this study, the phase difference
e
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between the stimulus and the fundamental VER canpenent as a function of
stimulus frequency was considered. Spekreijse (1966) and Spekreijse,
Estevez and Reits (1977) found that there was a rore rapid increase in
the phase lag for thcse stimulus frecquencies below 20 Hz than for those
above 20 Hz, resulting in a nearly linear response. However, in the
study by van der Tweel and Verduyn Lunel (1965), using sinusoidally-
modulated light, only two of their three subjects cbtained linear res-

ponses. Their third subject's responses were markedly different in that

gt‘f there was a less of linearality occurring in the temporal frequency
‘“i range which produced the peak amplitude by the stimulus. Van der Tweel
‘;‘ and Verduyn Lunel (1965) attributed this change to "inter-individual
"«E differences, similar to the inter-subject differences found in this
;:l‘: — |
W The data of this stwdy are plotted with the phase in radians shown an

the Y-axis (ordinate) and the stimulus frequency cn the X-axls (abscissa)
as shown in Figures 13a, 13B, 13C, 14A, 14B, 14C, 15Aa, 15B and 15C. |
Each figure contains the actual data points as well as a curve fit with
three deqgrees of freedam. The figqures with the number 13 are data from
subject RM, while the figures with the nutber 14 are data fram subject
P, and those figures with the number 15 are from subject RR. The letter
A refers to the 1lS-minute stimulus, B to the 57-minute stimulus, and C
o the unpatterned stimulus. Figure 16 was extrapolated from the data

presented by Spekreijse, Estevez and Reits (1977). These data appear

o @ REE

it linear for the eight data points. The only data in this study that -_‘
Al !
:::‘:Es:‘: appear simdlar to Spekreijse, et al (1977), are seen in Figures 13C and

)

u.\$ ;

14C. These data points were produced by the unpattermed stimulus for
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::“:Ss subjects RM and LP respectively. The remaining figures, except for

‘!"_" Figure 14A, are nearly linear. Possibly these relationships would have
sg‘ been more linear if only eight data points were used or possibly

{ Spekreijse, et al's (1977) data would have produced a less linear re-
.‘"\I lationship if more data points were taken. Figure 14A was produced by
"";: - the data points from the lS-minute stimulus for subject LP. These data
,,.g display the most abrupt change in the series, similar to van der Tweel
. and Verdun's (1965) study. These are the same data used in Figure 11A
% which displayed the only bimodal curve in this series.
:’ b Purpose Revisted

The data presented in this study are intended to show the relationship
between temporal and spatial frequency in the VER. Table 1 displays an

overview of the data used in comparing the responses from each of the

three stimulli for each of the three subjects. It was determined that' the
unpatterned stimulus produced a unimodal response curve which has a peak
in the higher temporal frequencies (15-18 Hz) and results in the largest

signal-to-noise ratics. It was also determined that the lS-minute
stidmulus produced a respcnse curve which has a peak in the lowest tem-

o
i

poral frequencies (4-10 Hz) and the largest peak for two (RR and LP) out
of the three subjects. It was found that the 57-minute check produced

&z

1T

'}1“
~ al
"

a peak in the middle (7-17 Hz) temporal frequency range in all three
subjects. The data fraum subject RM demonstrates spatiotemporal reci-

KT
A

procity (Tyler, Apkarian and Nakayama, 1978) while the data from subject

=

-!’

LP is more similar to the data of Regan (1977, 1978), where the small ig

- ae s

check and large check stimuli elicited responses at the same temporal
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The data fram this study reinforces the fact that no cne particular
notion fully explains the camlexities of the VER. Sare of the data
presented here support different notis or even parts of different
notims. One of the difficulties presented by the literature is the fact
that many of our ideas about evoked potentials are derived fram a
relatively small population of cbservers. Van der Tweel and Verduyn
Lunel (1965) present data from three observers, Regan and Richards (1973)
from two cbservers, Spekreijse, Estevez and Reits (1977) from one ob~
server, Regan (1977, 1978) fram one cbserver, and, finally, Tyler,
Apkarian and Nakayama (1978) present data from four cbservers (one of
whom provided most of the data).

Further investigations involving larger numbers of subjects need to
be initiated. A large variety of subjects may more fairly define the
range of VER data. Even the small sample of this study repeatedly bears

testament to its ididsyncratic nature and, in this author's ¢pinion,
far now the words of Regan (1977) sl:xould be taken to heart: "If there
i3 a simpler way of doing your experiment, it is foolishness to use
evoked potential recording.*
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Figure 2A, The response curve for the fundamental copxanent of the
VER for five cambined presentatims to subject RM (RMVY,

RMZC, RMZM, RMQU, and RMDA) with the 15-minute stimulus.
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The x-axis represents the terporal frequency of the stim-

ulus and the y-axds represents the relative magnitude of
the fundamental camponent of the VER. The curve was fit

using a polynamial regressia with four degrees of freedan.
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The response curve for the findamental camponent of the
VER .for five carbined presentations to subject RM (RMZA,
RMOE, RMOO, RMOW, and RMFA) with the S7-minute stimulus.
The x-axls represents the temporal frequency of the
stimulus and the y-axis represents the relative magnitude
of the fundamental component of the VER. The curve was fit

using a polynomial regression with four deqrees of freedcm.

y = -.1053%° + 3.9425x% - 35.5912% + 183.6381
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Figure 3B. The respanse curve for the fundamental camponent of the VER
fram a single presentation to subject RM (RMFA) with the

§7-minute stimulus. The x-axis represents the temporal

frequency of the stimulus and the y-axis represents the
relative magnitude of the fundamental component of the VER.
The curve was £it using a polynanial regressim with four
degrees of freedom.

y = ~.0007%° + 2.0202x% - 20.4195x + 165. 4450
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Fiqure S5B. Tre respcnse curve for the fincdamental comocenent of the VER
for a single vresentaticn to subject WP (1278 with the
1S-minute stimulus. The x-axis represents the terporal

frequency of the stimulus and the y-axas represents th

relative macgratuce of the funcamental canperent cf the VER.
Tre curve was £it using a polyrnamal regressicn with fcur
degrees of freecom.
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vl Figure 5C. The respanse curve for the fundamental campcnent of the VER
R for a single presentation to subject RR (RR@M) with the 15-

g minute stimilus. The x-axis represents the temporal freq-

vency of the stimulus and the y-axds represents the relative :
macritide of the Sundamental comperent of the VER. The

L curve was f£it using a polynamal regression with four

degrees of freedan.
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Figure 6A. The respcnse curve for the fundamental camponent of the VER
for a single presentation to subject RM (RMIA) with the
S7-minute stimulus. The x-axis represents the temcoral

frequency of the stimulus and the y-axis represents the

relative magnitucde of the findamental campcnent of the VER.
The curve was fit using a polynamial regressican with Scur

degrees of freedam.
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Figure 6C. The respanse curve for the fimdamental campenent of the VER
for a single presentatian to subject RR (RRS@) with the
57-minute stimilus. The x-axis represents the temporal

frequency of the stimulus and the y-axis represents the

relative magnitude of the fundamental campcnent of the VER.
The curve was fit using a polynamial regressicnh with four ‘
degrees of freedom.

,
v = -.1842x° + 1.2281x% + 10.5377 + 22.3075

N
[¢3)

D T I TV Wt m e e mcmta o -
s A S R S . o LT e -, RS D . I RN P PR e AP
B it o N S g T N U o A P o S N ST S S S Rl L
- sTatr al e AN Al alat el Al AT AT A A R IR g U R U e N b S T
FRTRNERE N YTV S A e




S
R S

S

o
[N

3

ATTHIOTEKTHANA T TN AR AWUAR AT TNWANAY AW AN AR 47

rdd €2

-id " 22

"3d" |

-0d " a2

rdd Bl

-0a " 81

-ga" L1

22" 31

-2d " S1

28" hl

rdd El

T8 Z!

T2

-

ation 2f Figures AA, 5B, and AC.

AN

et R RS T I
L R R A I I o .

«

e e, :
v e “-r" P I A ,
SV SRRV RO TN O




WU TV AFAT AN A A UM AR T WA WA W WO W WU M 0 YU AW A W

100.000

600.000

600.000

400.000

AMPL I TUDE

200.000

5

0.000

¥ 1 L ! L
4.000 8.000 12.000 18.000 20.000 24.000
TEMPORAL FREGAUENCY

Figure 7A. The respanse curve for the fundamental campanent of the VER
for a single presentatiom to subject RM (RMEI) with the

unpatterned stimulus. The x-axis represents the temporal

frequency of the stimulus and the y-axis represents the
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75i” relative magnitude of the fundamental camponent of the VER.
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Pigure 7C. The respcnse curve for the fundamental compenent of the VER

for a single presentation to subject RR (RRWP) with the

unpatterned stimulus. The x-axis represents the temporal
frequency of the stimulus and the y-axis represents the
relative magnitude of the fundamental camponent of the VER.
The curve was fit usiig a polynanial regressicn with four
degrees of freedam.
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Figure 8A. The respcnse curve for the fundamental camponent of the VER
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Figure 88, The respanse curve for the fundamental component of the VER
for a single presentatiom to subject P (LPPN) with the

patterned background ricise. The x-axis represents the

tenporal frequency of the stimulus and the y-axis represents :
the relative magnitude of the fundamental camponent of the
VER. The curve was fit using a polynanial regression with

four degrees of freedom.
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Figure 8C. The respanse curve for the fundamental covponent of the VER
for two presentations for subject RR (RREE and RRIO) with
the patterned background noise. The x-axis represen’:s the
temporal frequency of the stimulus and the y-axis represents

the relative magnitude of the fundamental component of the 1

VER. The curve was fit using a polymomial regression with i
¥
four degrees of freedom.
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The response curve for thr: fundamental camponent of the VER
for a single presentation to svbject RM (RMAA) with the
unpatterned backqrround noise as a stimulus. 'The x—-axdis
represents the temporal freguency of the stimulus and the
y-axis represents the relative magnitude of the fundamental
canpenent: of tie VER. The curve was fit using a polynarial
regression with four degrees of fresmdem.
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Figure 9B. The respanse curve for the fundamental component of the VER

for a single presentation to subject P (ILPFP) with the
unpattemed background noise as a stimulus. The x-axis

represents the temporal frequency of the stimulus and the
y-axis represents the relative magnitude of the fundamental

caponent of the VER. The cwrve was fit using a polynomial

regressicn with four degrees of freedan.
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Figure SC. The response curve for the fundamental campenent of the VER
for two presentaticns to subject RR (RRII and RRAA) with the
unpattermed background noise as a stimulus. The x-axis

represents the temporal frequency of the stimulus and the

y-axis represents the relative magnitude of the fundamental
component of the VER., The curve was fit vsing a polyncmial

regressian with four degrees of freedam.
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Figare 10A. The respanse curve for the fundamental camponent of the VER
for five carbined presentations to subject RM (RMYY, RMEC,
RMIM, RMIU, and RMIA) with the lS~minute stimulus. The

x-axis represents the temporal frequency of the stimulus

and the y-axis represents i relative magnitude of the

fundarental camponent of the VFR. The curve was fit using
a polynandal regression with four deqrees of freedom.
v = .3747%0 - 12.6295x% + 152.4572% - 343.544

The lower data poants represent the background nolse.
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Fiqure 10B. The respense curve for the fundamental component of the VER
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for five combined presentaticns o subject RM (RMJA, RMOE,

RMUO, RMIW, and RMEA) with the S7-minute stimulug. The
x-axis represeats the temporal frecquency of the stimulus
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and the y-axis repre<ents the relative magnitude of the
fundamental camponent of the VER. The curve was f£it using i

a polynamial regressicn with four degrees of freedom.

g = -.1053%0 + 3.9425x% - 35.5912x + 183.6381

™o lower cata polnts represent the tackgrournd noise.
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Figure 10C. The respanse curve for the fundamental camponent of the VER
for six cobined presentaticns to subject RM (RMWE, RMIG,
RMIT, RMIK, RMPS, and RMFA) with the wpatterned stimulus.
the x-axis represents the temporal fredquency of the stimulus
and the y-axis represents the relative magnitude of the

fundamental camponent of the VER. The curve was f£it using

a polynamial regressicn with four degrees of freedam.
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The lower data points represent “he background ncise.
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Figure lla. The respanse curve for the fundamental camporent for the VER
for four carbined presentatims to subject LP (LPYB, LPYD,
LpZ¢, and LPN@) with the l5-minute stimulus. The x-axis

represents the temparal frequency of the stimulus and the
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y-axis representcs the relative magnitude of the fundamen-
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polynanial regressicn with four degrees of freedam.
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The lewer data polnts represent the hackground nolse.
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Figure 11B. The response curve for the fundamental coamponent of the VER
for five cambined presentations to subject LP (LPPY, LPVH,
LPXY, LPET, and LPPL) with the S57-minwte stimulus. The

x-axis represents the temporal frequency of the stimulus i

@ and the y-axis represents the relative magnitude of the

fundamental camponent of the VER. The curve was fit using

Sy

a polynamial regression with four degrees of freedan.
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The lewer data points represent. the zackgrournd noise.
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oy Figure 11C. The respmse curve for the fundamental corponent of the VER
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for five cambined presentations to subject LP (LPEF, LBYF,

:
b LPgH, LRUZ, LPRF, and LPIY) with the unpatterned stimulus.

“

& The x-axis represents the temporal frecquency of the stinulus
% and the y-axis represents the relative magnitude of the
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fundamental camponent of the VER. The curve was fit using
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a polynamial regression with four degrees of freedam.
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Figure 12A. The respanse curve for the fundamental camponent of the VER

for three combined presentaticns to subject RR (RRUF, RREK,
and RREM) with the 1S-minute stimulus. The x-axis represents
the temporal frequency of the stimulus and the y-axis

represents the relative magnitude of the fundamental com-

penent of the VER. The curve was fit using a polynamial

regressim with four deqrees of freedam.

y = -.2906x" + 5.9284x% - 50.047x + 189.5445

The lcwer data polnts represent the background noise.
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Figure 12B. The respcnse curve for the fundamental camonent of the VER
for four carbined presentations to subject RR (RRMY, RRSJ,
RRIC, and RREE) with the S7-minute stimulus. The x-axis

represents the temporal frequency of the stimulus and the

y-axis represents the relative magnitude of the fundamental
camponent of the VER. The curve was £it using a polyncmial

regression with four degrees of freedam.

v = .0917x> - 2.5825x° + 26.9147x + .8536

The lower data perots represent the tackgrournd ncise.
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This is the respanse curve for the fundamental compenent

of the VER for four presentaticns to subject RR (RRQZ, RRW,
RRYZ, and RRFA) with the unpatterned stimulus. The x-axis
represents the temporal frequency of the stimilus and the
y~axis represents the relative magnitude of the fundamental
capenent of the VER. The curve was fit using a polynamial
regressicn with four degrees of freedom.

3 2

Y = ~.7072%x7 ~ 14.9137x" - 114.870x + 321.7287

The lower data points represent the cackground nolse.
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Figure 13A. The phase difference for the fundamental camponent of the
VER for a single presentaticn to subject RM (RMDA) with
the 1S-minute stimulus. The x-axis represents the tenporal

frequency of the stimulus and the y-axis represents the

phase in radians. The curve was fit using a polynamnial

regressicn with three degrees of freedam.

v = ,0294x% - .5323x - .5890
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Figure 138. The phase difference for the fundamental component of the
VER for a single presentation to subject RM (RMPA) with
S57-minute stimulus. The x~axis represents the temporal
frequency of the stimulus and the y-axis represents the :

phase in radians. The curve was fit using a polyncawnial

regressicn with thuree degrees of freeduom.

v = .0032x%° - .1418x - L.4560 !
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The phase difference for the fundamental camwpcnent of the
VER for a single presentation to subject RM (RMITI) of the
unpatterned stimulus. The x-axis represents the texporal

frecuency of the stimulus and the y-axis reprsents the
phase in radians. The curve was fit using a polyncomial
regressi with three degrees of freedam.

v = .2105x% - .2132x - .7214
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The phase for the fundamental component of the VER far a
single presentation to subject LP (LPZ@) with the lS-ninute

stimulus. The x-axis represents the temporal frequency of
the stimulus and the y-axis represents the phase in radiams.

The curve was £it using a polynomial regression with three
degrees of freedam.

2

y = -.1015x" + .7983x - 2.1826
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;' Fiqure 14B. Thes phase difference for the fundamental cameonent of the
? VER for a single presentaticn to subject LP (LPXP) with the
g §7-minute stimulus. The x-axis represents the temporal

% frecuency of the stimulus ard the y-axis represents the

A

phase in radians. The curve was it using a polynomial |
regressim with three degrees of freedcm.

y = .032x% - .6325x + .2148
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Figure 14C. The phase difference for the fundamental camonent of the

VER for a single presentation to subject LP (LPI9) with the

unpattemed stimulus. The x-axis represents the temporal

frequency of the stimulus and the y-axis represents the
phase in radians. The curve was fit using a polyncmial
regression with three degrees of freedam.

y = -.2185x - .8503
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Figure 15A. The phase difference for the fumdamental campenent of the
VER for a single presentatiom to subject RR (RR@M) with
the 1S-minute stimulus. The x-axds represents the temporal

frequency of the stimulus and the y-axds represents the phase
in radians. The curve was fit using a polynomial regression
with three degrees of freedom.

y = .0029x* - .3366x - .2865
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Figure 158. The phase difference for the fundamental camponent of the
VER for a single presentaticn to subject RR (RRS@) with

tne S7-minute stimulus. The x-axis represents the temporal
frecuency of the stimulus and the y-axis represents the
phase in radians. The curve was fit using a polynemial
regressicn with three dugrees of freedam.

v = .0337x% - .71ld4lx + 1.0641
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Figure 15C. The phase difference for the findamental campenent of the
VER for a single presentatim to subject RR (RRWP) with the
unpatterned stimulus. The x-axis represents the temporal
frequency of the stimulus and the y-axis represents the

phase in radians. The curve was fit using a polynamial ]

regression with three degrees of freedocm.
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The phase difference for the fundamental corponent of the
VER for a single presentaticn extrapolated from Spekreijse,
Esteves and Reits (1977). The x-axis represents the temporal

frequency of the stimulus and the y-axis represents the phase
in radians. The curve was f£it using a polyncmial regression
with three deqgrees of freedom.

y= ~.2451x + .5614
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Date: 5-9-78 UNPATTERNED

RM  Hz £ £, £q 2y 2, 2y
kg 23 49314 76872 33894 - .275 =1.591  ~1,730
KL 22 27323 17109 46709 - .092  -1.633 -1.171
K2 21 65293 22274 15090  -1.794  -1.451 - .941
K3 20 101199 23609 58572  =1.528  -=1.439 -1.813
K4 19 54442 41741 46859  -1.415  -1.650 -1.855
KS 18 125561 39929 24222  ~1.470  -1.444 -1.633
K6 17 111835 56576 36245 1,271 =1.182 -1.349
K7 16 76364 27612 51215  =1.495  .-1.275 ~1.445
K8 15 11250 8170 35812 - .695  -1.686 -1.617
K9 14 41924 34724 41047 - .642  -1.644 -1.561
g 13 220556 92964 29450  -1.007  -1.243 -1.593
Ll 12 106945 53385 30897  -1.967 - .925 -1.514
2 1 116188 45142 37642 - .013  -1.854 -1.584
L3 10 145314 79591 20413  -1.654  -1.524 -1.598
L4 9 69030 57968 10699  -1.603  -1.413 -1.673
L5 8 208665 195413 87230  -1.162 - ,730 -1.305
L6 7 100481 15877 13850 -1.318 - .244 -1.517
L7 6 103098 54008 27011 -1.117 - .081 -1.735
L8 5 36589 74527 7688 - .853 -~1.720 -1.396
L9 4 17563 46779 28825  -1.131  -1.364 -1.603

SMALL CHECKS

M 23 2880 29335 26042 -1.688 -1.712 -1.233
ML 22 19465 28182 34040 -1.719 -1.494 -1.418
M2 21 19518 28940 36834  -1.882 -1.369 -1.284
M3 20 16487 30156 46558  -=1.612  -1.491 -1.953
M4 19 36438 14194 135085  ~1.275  -1.688 -1.345
M 18 60515 13499 45013  -1.625  ~1.642 -1.876
M 17 2405 10238 35322 -1.533 -1.100 -1.323
M7 16 15508 25673 32109  -1.554  =1.943 -1.23%
M8 15 105566 38275 21450 -1.574 - .329 -1.912
M 14 32106 3005 10881  -1.091 - .426 ~1.464
N 13 124845 21038 24856 - 911 -1.004 ~1.437
NI 12 46138 13047 22726 - 796  -1.697 -1.448
N2 11 13062 38895 20559  -1.167  -1.844 -1.859
N3 10 67041 29858 30530 -1.727  -l1.271 -1.590
N4 9 1338 17083 18047  -1.127  -1.608 -1.545
NS 8 43465 42594 19409  -1.967  -1.338 -1.837
N6 v 58566 24622 4683  =1.675  =1.725 - .863
N7 6 49566 29071 41086  -1.506  ~1,350 -1.616
N8 5 44626 27999 48791  -1.307  ~1.462 ~1.359
N9 4 46877 31526 26599  -1.243  -1.014 -1.292
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Date: 5-9-78

ik

3 ¢l ¢2 ¢3
23236 -1.704 -1.754 -1.318
67569 -1.594 ~1.423 ~1.619
36022 -1.459 -1.53% -1.218

224738 -1.688 ~1.451 -1.898
99142 -1.189 -1.385 ~1.451
32596 -1.094 -1.323 -1.678

8593 -1.143 -1.511 ~1.473

71790 ~-1.532 -1.360 ~1.492
18982 ~1.246 -1.328 ~1.800
37074 - .078 -1.501 -1.234
35025 ~1.849 -1.729 ~1.669
56054 ~1.109 -1.434 -1.871
44343 ~1.968 -1.519 ~1.518
37189 ~1.743 -1.604 -1.395
43624 ~1.532 -~1.525 -1.439
25459 ~1.617 -1.605 -1.532
28750 -1.504 -1.352 -1.531
27902 -1.594 -1.407 -1.421
26333 -1.404 -1.489 -1.431
~1.822 -~1.097 -1.404
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LARGE CHECKS
Date: 5-26-78
£ £ @ 2, %3
RM Hz f]_ 2 3 1
“A
Al _ 5 ~1.465
i Rd 4 2081 7207 1oLz L9 -Lels -l
toY RL 5 34664 19884 8102 1'225 -1.099 -1.363
o 6 jo207  F1ss ozt L 21,782 -1.563
& Rz 7 12853 13678 12725 -1.813 513 -1.497
o gi 8 39403 13517 14481, -i.gzé 125 1,476
§;§ RS9 e I me oo -Lass o -Lare
o R6 10 30669 18 sl - ‘499 1. 440 -1.212
K . 48718 29813 10 : -1.598 ~1.792
X o 15638 19675 10439 - .166 -1 392 -1.792
v R8 ]l§ 24652 26999 12042  -1.476 —1.310 o3
- 3 un A S L S+ A ~1.693
£ 51859 9 - - -1.249
3 5 56766 sTe Lo o3 e Les
: 79265 oy -1.495 = -1.736
i ik oEE obm 2B o oh on
p 5 19 72658 -1.463  -1.428 - .278
L ge 20 64029 37094 218938 i 221 e T ‘580
;gﬁ s7 21 50321 ggggé lgggzg C 1770 1.4es _1.222
A 5195 . -1,
8 22 4 -1.821 -1.657
g' : 29 23 35646 41121 45420 1.82
e ‘
T,
e SMALL CHECKS
L : .
’ . "10700
) 14394 ~1.259 -1.485
¥ § @ oM oum omodm w
‘dé ks 2 70407 25788 19849  -1.633 'i'4es -1.413 i
Al T2 7 18097 31674 13288  -1.914 1392 -1.634 ‘
: B o762 3 el -2 -laez -
(A T4 8 c 92 22265 -1.523 -l. _ .
{ ™9 13§74 52266 27908  -1.643  -1.532 1634
0"1 TS 10 19914 1 * 133 -1.577 -1,
i 58679 51952 17861  -l. 5 1461
il T7 1 19762 -1.141 - .8 ‘e
w ™ 12 22090 38182 227  ~1.909 -1.553
b 7776 9500 15743 -L. = 788 -1.666
Y Eg ii 17376 11526 30240 -1.328 ~1.281 -1.801
' w15 2082 M4 S e b -
0326 -1 -1.750
w16 37133 1 ~1.712  -1.443 .
18225 12249 1 800
33 ig §ZZ§§ 32697 lgggig -i.ggg :i-igz _1.575
648 e ) ~ .249
s 19 34270 22 877  -1.568  ~1.537 .
27770 27431 163 . N - .834
33 32 20834 38766 177623 -i-igg _i.gg; Ry
us8 22 18966 8869 l75§2 1,877 -1.860 ~1.099
w23 31416 18628 231 .
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Date: 6-21-78 UNPATTERNED
RY Bz £ £, £, g, 2, 2,
W 23 290742 93466 105004  -1.504  -1.346  -1.569
WL 22 367690 71085 73586  -1.357  -1.129  -1.204
W2 21 387957 58200 51869  -1.172  -l.535  -1.493
W3 20 394476 90853 150491  -1.011  -1.377  -1.822
) We 19 402224 85334 87054 = .799  -1.094  -1.523
W5 18 420374 68399 135744 - .644 - .586  -1.248
W6 17 443186 104059 6113  ~ .477 - .209 - .228
W7 16 513841 146828 93380 - .314  -1.876  -1.627
w8 15 561213 190204 61785 - .087  -1.631  -1.323
Wo 14 595897 197234 41412  -1.773  -l.217  -1.331
X 13 574911 161890 16313  -1.539 - .687 - .642
XL 12 479640 163953 68612  -1.252  -1.860  =1.979
@ 11 340330 275322 117845  -1.065  -1.208  -1.514
X3 10 311103 313873 95635 - .896 - .735 . .902
%4 9 250999 353705 96203 - .695 - .320 - .395
¥ 8 241317 385088 163244 - .519  -1.783  -1.282
X6 7 193206 256407 78936 - .340  -1.147 - .686
X7 6 215326 161211 30201 - .069 - .64l  -1.435
X8 5 155837 102806 77982 . -1.686 - .219 - .242
%o 4 78415 110649 74825 - -1.527 -1.994  -1.435
SMALL CHECKS
w23 41899 57134 50987 - .710  -1.263  -1.346
v1 22 70210 48301 33611 - .896 - .801  -l.427
v2 21 46979 32374 25884 - .782 - .641 - .255
¥3 20 94575 48488 197664 - .632 - .522 - .979
A v4 19 114267 40474 28107 - .613 - .266 - .324
R y5 18 1536027 35523 19647 - .543  -1.993  -1.661
o v6 17 146775  t9636 21188 - .307  -1.844  -1.295
% v7 16 228479 97177 70921 - .139  -1.474 - .765
! ¥8 15 272845 77800 52229  -1.957  -1.128 - .292
¥v9 14 305709 84707 47528  -1.785 - .917 - .0ll
; 20 13 232712 124464 20178  -1.559 - .621  -1.593
) 21 12 285406 139777 19644  -1.370 - 177 -1.165
4 22 11 237832 180924 38606  -1.238  -1.923 - .338
g 23 10 225792 159016 41891  -1.049  -1.571  -1.760
24 9 264436 160136 50123 - .926  -1.319  -l.11§
% 25 8 275585 184517 41789 - .74 - .938 - .512
R 76 7 256806 188447 62208 - .431 - .547  -1.964
: 27 6 177365 190544 92625 - .220 - .095  -1.315
§ 78 5 195257 209917 91702  -1.924  -1.721 - .78%
{ o 4 147719 153652 47504  -1.518  -1.276 - .096
K
L A=b

2
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Date: 6-21-78 LARGE CHECKS

RM  Hz £ £ £, 2y 2, 25
g 2 84575 59182 8103  -1.086 -1.722 - .034
1A 22 109139 27212 4039 - .719  -1.495  -1.300
2A 21 157537 44445 25192 - .614  -1.281  -1.395
3 20 140783 58281 119012 - .471  -l.244  -1.737
, & 19 166112 75277 50914 - .132  -1.160 - .514
SA 18 179852 62346 40902 - .059 - .759 - .079
&a 17 207979 35868 0422 - .173 - .944 - .078
A 16 199006 57967 20153  -1.770 - .694  -1.231
@n 15 222555 54733 20193  -1.599 - .120  -1.258
%A 14 211523 41862 8373  -1.313 -1.675  -1.752
g8 13 183212 27881 56950  -1.247 -1.392 - .435
B 12 155186 6464 28414  -1.128 - .097  -1.975
& 11 10577 19862 35511  -1.010 -1.412  -1.819
3B 10 101394 46922 52323 - .874  ~1.384  -1.227
4B 9 106165 87678 64278 - .788  -1.151  ~- .615
5B 8 120805 118099 43286 - .723 =~ .87 - .11
6B 7 108364 146605 62576 - .633 - .369  -1.690
7B 6 164119 161374 88028 - .580 - .0l4  -1.138
8B 5 158190 148705 69931 - .268  ~1.493 - .10l
9B 3 64270 154049 5128  -1.648 - .998 - .394
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R4 Hz £ £ £ 2 ) 25
oc A 79219 74444 61655  -1.521  -1.467 -1.501
1C 5 127956 234381 100865 - .055  -1.696 - .847
h 2C 6 214219 163202 116346 - .513 - 045 ~1.439
- 3c 7 220098 155404 99333 - .736 - .607 -1.849
o 4C 8 273004 124316 39852 - .880  -1.038 - .71
il 5¢ 9 325244 129271 78763  -1.053  -1.360 -1.331
:g' 6C 10 303389 138999 60931  -1.230  -1.601 -1.681
:;.g:‘- c 11 317619 77908 10586  -1.389  -1.872 -1.442
il 8c 12 281470 64287 45440  -1.565 - .282 -1.326
9C 13 263371 58459 54088  -1.658  -1.002 -1.493
R o) 14 272675 75350 - 28417  -1.848  -1.166 -1.813
4 1D 15 187485 59988 34615  -1.895  ~1.393 -1.331
YR 2D 16 275267 113679 29146 ~ .266  -1.581 -1.417
A 3D 17 173512 62451 39013 - .393  -1.651 -1.497
) 4D 18 93578 25210 80500 - .822  =1,736 -1.647
g » 5D Jo 253796 20086 53361 - .939  -1.042 - .897
o 6D 20 280134 50753 739395  -1.140 1.242 - .401
o ) 21 288153 46304 39849  -1.299  -1.387 - .158
- &D 22 196266 33224 40879  -1.582  -1.348 -1.379
& 9D 23 166549 57038 15808  ~1.832  -1.361 -1.671
LM
o LARGE CHECKS
R ' .
Al
:; OE 4 81557 85956 63801  -1.207 - .938 -1.623
4;:"' 1E 5 55025 150340 35745  -1.721  -1.455 - .046
!.«5. 28 6 91661 139685 70650 - .262  -1.744 - .996
U 3E 7 60749 39743 99858 - .643 - ,291 -1.461
s 4B 8 60583 41999 41172 - .838 - .847 -1.868
i SF 9 55232 87126 28573  -1.140  -1.286 - .559
pd 61 10 82454 42590 74640  -1.008  -1.497 -1.225
o 78 1l 99548 41664  71FT9 - .97  -1.626  -1.569
8E 12 124028 50248 15529  -1.159  =1.511 -1.932
Q. 9E 13 118059 25572 3393 -1.244  -1.595 -1.084
oI gF 14 149084 53584 24507  -1.337  -1.590 -1.343
it 1F 15 182915 49879 36106  -1.463  =1.799 -1.404
iy 2F 16 175684 04640 59027  -1.596 - .107 -1.454
e F 17 169974 18044 62804  -1.910 - .48  -1.779
8! 4F 18 174203 33145 57875 - .04l - .994 -1.887
™ SF 19 142473 69527 53553 - .249  -1.162 - .901
o 6F 20 148148 69344 523096 - .260  -1.355 -1.714
e T 21 148934 92179 24821 - ,551  -1.550 - .402
IR gF 22 72297 65610 14494 - .847  -1.655 -1.536

N oF 23 95775 64022 12039 -1.058 -1.689 - .100




Date: 8-4-78 UNPATTERNED

RM  He £ £, £, 2, 2, 2y
& 4 96051 182770 75411  ~1.526  -1.874  -1.510
6 S 155062 128647 54081  ~1.633 - .338 - .212
6 6 217777 142886 59936  -1.933 - .919  -1.493
.6 7 203568 155693 30689  ~-..2d1  -1.230  =1.080
G 8 350765 288364 123492 - .493  -1.725  -1.455
56 9 268116 224055 73764 - .774 = .275 - .255
6 10 349489 223565 94033 - .996 - .804  -1.107
76 11 360347 252280 102086  -1.187  -1.258  -1.621
86 12 409183 174219 52159  -1.364  -1.692 - .13l
oc 13 358593 100439 39321  -1.519 - .302 - .749
M 14 373352 114387 51757  -1.698  -1.003  -1.287
1 15 480568 148093 48183  -1.951  -1.491  -1.500
% 16 472982 135203 31832 - .126  -1.704  -1.672
¥ 17 452878 124990 8732 - .303  -1.994  -1.666
& 18 443128 85495 11608 - .507 = .361  -1.667
S 19 450850 67727 73626 - .780 - .952  -1.221
62 20 447994 40682 453504  -1.013  -1.216 - .286
w21 457094 21521 31995  -i.195 - .040  -1.853
@ 22 379692 65761 39239  -1.351 - .961  -1.529
oH 23 425839 88878 12933  -1.501  -1.302  -1.373
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RM Hz fl f2 f3 ¢l 562 ¢3

g1 23 266740 85813 37497 ~1.574  -1.251 -1.561
1T 22 304068 55366 44541  -1.432  -1.220 ~1.522
21 21 365230 24352 41646 ~1.250 -1.325 ~1.481
3T 20 366062 64930 183910 -1.010 -1.198 ~1.692
4T 19 404901 70840 37056 - .868 - .989 ~1.302
5I 18 414395 84309 43653 - .578 - 496 ~1.495
61 17 444551 103181 31917 - .435 - .178 ~1.649
71 16 484091 136431 33677 ~ .258 -1.817 ~1.600
8T 15 526027 186915 37741  -1.951 -1.452 -1.518
9T 14 418214 132591 61777 -1.731  -1.067 ~1.452
% 13 356868 122780 47582 -1.522 - .357 -1.259
1y 12 366121 201530 27920 ~1.395 -1.797 - .456
27 11 365617 285686 107720 -1.17% -1.369 ~1.768
kN 10 338349 217273 107042 - 075 - .981 -1.259
47 9 255565 205049 57056 - 192 - .465 - .409
5 8 213362 219486 70044 - .583 -1.860 -1.640
6J 7 154405 139071 46561 - .333 -1.404 -1.491
73 6 130569 75992 37791 - .165 - .980 -1.291
87 5 116090 47498 4153 -1.647 - .681 - -1.310
9J 4 82413 149140 61781 -1.412 -1.911 -1.587

UNPATTERNED

gKr 4 74815 138804 61110 -1.437 -1.870 -1.582
1K 5 138464 59743 47802 -1.646 - .431 - .582
XK 6 163257 99422 48268 -1.981 - .983 -1.400
3K 7 199308 175053 57874 - .298  -l1.342 -1.266
4K 8 181601 261599 78286 - .624  -1.800 -1.588
5K 9 212338 213431 57269 - .735 - .370 - .390
6K 10 267448 217940 108895 - .988 - .864 -1.216
0’3 11 298926 303076 96841 -1.165 -1.280 -1.708
8K 12 305461 200402 26175 -1.305 ~-1.704 - 127
9K 13 330621 99083 34956 -1.521 - .300 -1.078
oL 14 511016 109519 37484 -1.687 - .987 ~1.434
1L 15 455821 168936 39300 -1.571 -1.492 -1.424
2L 16 460607 111055 34276 - .264 -1.896 -1.626
3L 17 423166 60981 25029 - .500 - .146 -1,755
4L 18 410411 49866 18926 - .745 - .675 -1.396
5L 19 342359 33295 14796 - .905 - .881 - .958
6L 20 312239 18722 196835 -1.108 -1.201 -1.305
L 21 319898 37616 51515 -1.273 ~1.152 -1.501
8L 22 343882 59855 38543 -1.440 -1.069 -1.624
9L 23 306629 101856 26545 -1.559 -1.321 -1.643
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Date: 8-16-78 SMALL CHECKS

M Hz £ £, £, ) @, 2y
E oM 4 43835 103890 75998  -1.745 -1.432 -1.855
, M B 80557 165792 41312 -1.952  -1.622 - .876
M 6 121680 150780 100737 - .502 - 071 -1.384
™ 7 184938 132914 90415 - .720 - .587 =1.729
M 8 239298 142368 37488 - .868  -1.001 - .545
' 5M 9 235307 168712 77467 -1.107 -1.315 -1.356
&M 10 290314 186049 57828  -1.285  -1.653 -1.669
™ 11 274521 118556 15990 -1.431  -1.946 -1.855
&M 12 242738 64929 60275 -1.616 - .44 -1.297
oM 13 209210 52363 60360 -1,733  -1.071 -1.556
oN 14 168674 56324 29766 -1.757  =1.477 -1.671
IN 15 226887 66830 13596 - 017  -1.208 -1.3585
2N 16 144530 68767 40491 - .105 -1.514 ~1.360
aN 17 168437 63534 50397 - .3%4  -1.664 -1.443
4N 18 158094 40568 50394 - 571  -1.817 -1,385
5N 19 111373 13475 26994  -1,182  -1.583 -1.627
6N 20 157374 16206 209031  -1.124  -1.365 - .048
™ 21 67286 19211 28749 -1.454  -1.193 -1.380
aN 22 157021 26546 28535 -1.453 -1.391 -1.474
- 9N 23 64140 64491 27437 -1.826 -1.433 -1.707

LARGE CHECKS

@o 4 68901 56766 63341  -1.515 - .877 -1.658
10 5 61032 91947 30720 -1.793 -1.320 -1.802
20 6 92892 81385 21314 - .236  -1.747 -1.075
0 7 83971 37691 43161 - .320 -1.943 -1.570
40 8 67586 34224 55455 - .690 -1.132 -1.781
50 9 56407 18451 14599 - .785 -1.482 -1.578
60 10 111126 17212 41087 - .939  -1.490 -1.324
70 11 107833 35584 84212 -1.008  -1.366 -1.558
80 12 115213 41735 36772 -1.149 -1.427 -1.808
%0 13 100933 47403 15638 -1.248 -1.542 -1.271
gp 14 163538 47787 17423 -1.407 -1.501 -1.054
1P 15 180564 36474 46052 -1.513 =1.777 -1.329
2» 16 151598 57073 62901  -1.642 -1.862 -1.296
3p 17 143092 30528 30094 -1.4698 - .923 -1.452
4p 18 137637 43309 10570 ~1.656 -1.114 - .732
Sp 19 148971 49074 26286 - .034 -1.328 - .738
6P 20 108984 75184 420455 - .224 -1.500 - .320-
P 21 98470 44172 35338 - .359 -1.583 -1.685
8p 22 100113 22801 29912 - .483 -1.733 -1.677
9P 23 119050 31456 25129 - .659 -1.494 -1.786
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Date: 8-16-78 PATTERNED BACKGROUND - EYES OPEN

| RM Bz £ £, £ 2 2, 2y
9. o0 4 29633 21214 1913  -1.461  -1.515 - .177
10 5 28188 12342 28822  ~1.700  =1.450 -1.429
2Q 6 12665 40913 31115 - .376  =1.207 -1.350
k') 7 30435 33882 30160  -1.392  -1.596 -1.507
4Q 8 15449 19391 26642  ~1.661  -1.525 -1.440
‘ 5Q 9 30183 38671 13782  -1.199  -1.418 - .861
6Q 10 21246 21409 18743  -1.471  -1.314 -1.460
79 1 11497 22471 24418  -1.468  -1.507 -1.442
8Q 12 26688 19085 25260  -1.558  -1.804 -1.574
€0 13 18574 13613 20535 - -1.753  -1,537 -1.339
grR 14 22168 16693 - 32247  -1.638  -1.523 -1.502
1R 15 40526 6356 22384  -1.521 . -1.877 -1.588
2R 16 28430 21562 19345  -1.475  -1.612 -1.500
iR 17 32435 17946 13584  -1.608  -1.459 -1.504
4R 18 20376 30150 28253  ~1,78° 1,558 -1.504
5R 19 38121 39547 27965  =1.398  -1.540 ~1.554
6R 20 20325 20060 193090  -1.671  =1.522 -1.848
R 21 20096 18259 15393  -1.573  -1.389 ~1.262
8R 22 25244 26062 25356  -1.574  -1.723 ~1.430
9R 23 18162 23369 8688  «1.745 . -l.444 - .895
UNPATTERNED
gs 4 60731 109598 35488  -1.548  -1.882 -1.504
18 5 109842 104685 34228 -1,552 - .282 - .022
25 6 152838 95569 48903  -1.920  -1.007 -1.417
s 7 181441 106528 3041 - ,197  -1.378 ~ 419
4s 8 202574 196239 68022 - .535  -=1.740 -1.363
55 9 218527 200441 64309 - .729 - ,330 - .295
6S 10 249279 225566 97167 - .923 - .818 -1.116
75 11 314018 290334 89714  -1.132  -1.267 -1.641
85 12 287306 186928 34126  -1.284  -1.720 - .207 .
95 13 308026 92638 26794  -1.494 - .279 -1.064
or 14 318632 96021 27312  =1.636 - .717 -1.506
1T 15 371256 74347 25608  -1.951  -1.368 -1.563
27 16 384420 78688 27990 - .158  -=1.741 -1.544
aT 17 370070 77350 15872 - .352  -1.957 -1.843
47 18 382613 36463 23722 - 659 - .53% - .303
5T 19 311844 18376 35934 - .803 - .883 -1.062
6T 20 312378 24930 388487 - .950  -1.281 - .920
T 21 321082 20474 48334  -1.184 - .838 -1.676
8T 22 306904 66826 33790  -1.324  -1.012 ~1.547
9T 23 313946 81923 25558  -1.474  -1.279 -1.855
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Date: 8-23-78 SMALL CHECKS
RM  Hz £ £ £ 2, 2, a4
o 23 121605 88165 61965  -1.808  -1.410  ~1.544
w22 74372 67507 45006  -1.538  -1.306  -1.479
v 21 86338 50425 20573  -1.433  -1.202  -1.983
U 20 109907 6576 405425  ~1.231 - .401  -1.123

) w19 78553 34019 11210  -1.026  -1.927  -l1.433
sy 18 47520 53754 37919 - .575  -1.856  -1.556
& 17 67665 71862 55741 - .278  -1.704  -1.524
70 16 130481 86496 50534 - .211  -l1.463  -1.378
g0 15 112055 98973 25381  -1.959  -1.300  -1.404
9U 14 129864 42592 28578  -1.740  ~1.119  -1.643
v 13 242350 52721 54340  -1.710  ~1.089  -1.582
v 12 173534 30798 58426  -1.576 - .545  -1.4138
v 11 233826 86380 17033  -1.410 - .0ld  -1.679
3y 10 248554 110749 40999  -1.272  -1.732  -L.664
a 9 203555 144927 67590  -1.184  -1.372  -1.331
5V 8 184184 115677 20642 - .950  w1.159  -L.210
e 7 149361 83451 42473 - .697 - .789  -1.903
N 6 192211 136093 89714 - .496 - .222  -1.563
av 5 157800 181954 69997  -1.965  <1.747 - .094
v 4 114893 129500 21569  -1.767  -1.324 - .067

LARGE CHECKS
oW 23 166586 43582 24764 - .885  -1.721  -1.669
W 22 169577 25652 52170 - .595  -1.773  -1.585
M 21 156963 46018 40638 - .331  -1.528  -1.608
™ 20 141313 68111 286687 - .106  -1.479  -1.349
& 19 158213 64647 23533  -1.999  -1.308  -1.172
W 18 166793 50124 7772 -1.996  -1.145  -1.250
W 17 160073 26632 34798  -1.796 - .857  -1.688
W 16 187922 38319 55595  -l.617 - .079  -1.517
s 15 207314 51223 40933  -1.513  -1.712  -l.38l
oW 14 152921 50587 23543  -1.324  -1.500  -1.319
&N 13 93879 134590 16365  -l.212  -1.583  -1.325
Y 12 7043 50176 18056  -1.297  -1.366  ~1.812
x 10 81952 36605 65984  -1.165  -1.445  -1.625
¥ 1 91541 42326 64613  -l.125  -1.438  -1.281
&y 9 105715 42219 43352 - .870  -1.422 - .840
5y 8 109630 38757 69845 - .664 - .852  -1.764
6Y 7 78408 27233 75088 - .548 - .200  -1.527
v 6 105987 106361 36866 - .170  -1.891 - .949
8y 5 117210 100664 33812  -1.807  -1.414  -1.949
9y 3 54306 87671 47401  -1.355  -1.060  -1.420
A-11
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Date: 8-31-78 PATTERNED BACKCROUND - EYES OPEN

RM  Hz £y £, £, 2 2, 2y
X 23 35530 40407 44913 ~1.423 -1.501 -1.485
1X 22 46261 46807 43822 -1.445 -1.493 ~-1.476
2X 21 38015 42435 45956 -1.489 -1.508 -1.507
X 20 35835 42081 54856 -1.397 -1.508 -1.262
. 4X 19 42246 42567 42906 -1.472 -1.495 -1.490
5X 18 50678 45969 45879 -1.501 ~1.467 -1.497
6X 17 40787 37131 40785 -1.449 -1.515 -1.481
X 16 40210 42511 41185 -1.615 ~1.501 -1.511
8x 15 42217 39528 42160 -1.537 ~1.491 -1.490
9% 14 44826 40870 40844 -1.506 -1.536 -1.488
g2 13 37361 28755 41523 -1.499 ~1.469 -1.477
12 12 51981 40185 38896  -1.460 ~1.496 -1.467
22 11 53210 40374 38499 -1.488 ~1.490 -1.476
32 10 35573 42772 38895 -1.555 -1.473 -1.490
4z 9 28952 36549 35182 -1.618 ~1.460 ~1.479
52 8 45868 36067 40192 -1.437 -1.465 -1.437
62 7 45872 36790 29346 -1.417 ~1.430 -1.417
12 6 34237 32511 35898 -1,423 ~1.490 -1.450
82 5 64166 37605 = 3539 -1.562 -1.390 -1.477
9% « 59517 53610 52250 - .892 ~1.488 -1.589

UNPATTERNED BACKGROUND - EYES OPEN

AA 4 34952 29371 35525 -),.386 -1.510 -1.451
2B 5 52894 43563 62955 - .255 -1.660 ~1.619
AC 6 29377 42253 32008 ~1.785 -1.551 -1.494
AD 7 47929 38553 26630 -1.604 -1.451 -1.551
AE 8 32730 33693 33325 ~-1.484 -1.491 -1.465
AF 9 21148 36955 29525 -1.432 -1.496 ~1.513
p¥e 10 36294 35194 31776 -1.633 -1.471 ~-1.485
2H 11 19160 30753 30755 -1.377 -1.476 -1.468
A 12 45726 32809 31470 -1.550 -1.555 -1.497
AT 13 19709 29730 30862 -1.413 -1.498 -1.500
" AK 14 25985 31086 29444 -1.479 -1.483 ~1.444
o AL 15 35789 27751 30479 -1.561 -1.482 -1.489
gg AM 16 22707 25518 27403 ~-1.464 -1.514 -1.459
o AN 17 28260 26410 31580 -1.499 =1.471 -1.499
i 20 18 21942 29884 27102 -1.416 -1.469 -1.513
» ap 19 34990 28785 28932 -1.497 -1.506 -1.502
:3 AQ 20 9711 30032 29007 -1.595 -1.490 -1.770
B! AR 21 23241 29281 26395 -1.591 -1.493 -1.445
- AS 22 35334 27274 27333 ~1.446 -1.469 ~1.476
“3 AT 23 23444 27211 27770 -1.389 -1.511 ~1.488

e
S I

A-12




T R AW M W S ey e e, — e —

DA 23 30134 103886 15331 - .168 L. 395 -1.764
DB 22 58281 91688 37415 -1.721 ~1.225 -1.425
i» o 21 137194 - 96265 36880 -1.431 ~ .932 -1.941
> o) 20 112960 21176 129387 -1.216 - .328 -1.059
; DE 19 87534 37076 11088 - .906 - .023 - .525
oF 18 94038 90860 53818 - 637 -1.729 =1.757
DG 17 101472 71525 26370 - .495 -1.3803 ~1.704
CH 16 144799 86986 34329 - 107 -1.437 -1.575
DI 15 175756 72331 27099 - .303 ~1.356 -1.190
oJ 14 236911 45324 13215 -1.917 ~1.206 ~-1.188
K 13 266368 2€471 68465 -1.794 -1.220 ~1.526
oL 12 245714 26694 55342 -1.580 -~ 463 -1.397
1 i 256050 84806 13036 -1.403 -1.946 ~1.506
DN 10 322668 103436 50314 -1.255 ~1.604 + ~l.681
Do 9 236530 80196 63382 -1.059 -1.316 ~l.468
P 8 286747 100321 54313 - .892 -1.138 -1.028
Q 7 182134 108187 51290 - .729 ~ .870 -~ 020
IR 6 189751 101149 102525 -~ .540 - 206 -1.522
oS S 147708 102708 56884 - .188 -1.717 ~1.123
or 4 133902 140296 48430 -1.780 -1.349 - .192
LARGE CHECKS
EA 4 89909 80535 43579 -1.570 - .968 -1.616
EB. 5 121594 109368 19141 - 031 -1.414 -1,801
EC 6 141195 97176 45317 - .258 -1.704 -1.189
ED 7 145586 31832 55668 - 412 -1.905 -1.456
EE 8 180448 18711 36637 - .614 -1.726 -1.713
EF 9 103228 55984 7905 - .684 -1.542 - 704
BEG 1 122625 46725 70088 - .927 -1.432 -1.381
ot 11 153007 36747 76597 ~1.042 -1.498 -1.704
ET 12 94012 29974 32978 ~1.152 -1.765 -1.818
By 13 41957 45370 35094 -1.083 -1.262 -~1.380
EX 14 10433 74357 43864 -1.304 -1.744 -1.531
EL 15 244416 33482 50824 -1.507 -1.891 -1.565
EM 16 226250 36366 15915 -1.628 - .333 -1.596
EN 7 250121 52817 11390 -1.732 -1.026 -1l.1¢1
EC 18 207702 69148 15061 -1.932 -1.177 -1.889
EP 19 205080 81425 55861 - .074 ~1.446 -1.030
j00] 20 174884 47570 132157 -~ .333 -1.512 -1.093
ER 21 143664 49404 19286 - .470 -1.784 -1.706
ES 22 89198 28215 50263 ~ 721 -1.929 -1.608 1
ET 23 83126 62387 407" ~ .954 -1.535% - .054 ’
A-13
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Date: 9-14-78 UNPATTERNED

RM  Hz 5 £ £5 Py 2, 4
en 4 122575 144727 55657  -1.427  -1.914  -1.404
B 5 158618 114089 24226  -1.649 - .477 - .157
Fe & 208357 o438l 73769  -l.881  -1.055  -1.521
P> 7 244780 116685 18773 - .213  -1.349 - .793
FE 8 283733 246805 118101 - .500  -1.767  -1.566
FF 9 350083 338773 113002 - .717 - .404 - .445
PG 10 413025 362998 155729 - .869 - .953  =1.237
FH 11 498239 367107 103402  -1.108  -1.449  -1.719
FT 12 500809 228243 12652  -1.353  -1.918  -1.902
P 13 570219 127126 10645  -1.577 - .477  -1.374
FX 14 556212 121545 32754  -1.813  -1.020 ©  -1.306
F. 15 502330 108417 52048 - .091  -1.485  -1.394
"M 16 412415 50601 55844 - .363 -1.731  -1.630
N 17 332988 28141 36477 - .575  -1.723  -1.49%
Fo 18 15005 25592 33649 - .743  -1.256  -l.4l4
P 19 387773 41634 29119 - .966  -1.430  -1.368
Fq 20 273755 26867 38160  -l.221  -1.120  -L.025
PR 21 . 362347 139399 17893  -1.273 - .894  -1.540
%S 22 340031 59648 58516  -1.439  -1.034  -Ll.565
FT 23 1313637 106679 42155  -1.534  -1.248
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Date: 5-31-78 UNPATTERNED

P Hz fl f2 f3 ¢l ¢2 ¢3
E@ 4 37234 24206 32494 -1.041 -1.609 -1.578
El 5 47534 10500 2R747 - 744 -1.443 -1.385
E2 6 139245 35804 31396 -1.139 - .047 -1.236
. E3 7 93444 14499 29558 -1.351 ~1.003 -1.608
R ' E4 8 101167 41004 17661 -1.570 -~ .973 -1.491
75 9 128282 65333 12921 ~1.879 -1.281 -1.684
E6 10 143257 41974 21322 -1.9C7 -1.615 -1.349 .
E7 11l 114161 39952 11280 - .392 - .022 -1.413
= E8 12 115733 27450 13182 - .40 ~1.143 -1.357
ES 13 187374 11864 16139 - .630 -1.117 -1.762
% 14 56364 23088 14105 - .604 -1.542 -1.541
Fl 15 139396 11866 15525 - .869 ~ .234 -1.386
F2 16 167895 4905 18409 ~1.261 -1.581 -1.552
F3 17 232804 19337 15280 -1.576 ~1.484 . -1.443
F4 18 258061 12860 22720 -1.718 -1.716 -1.638
FS 19 137577 54625 58621 -1.935 -1.527 -1.588
Fé 20 229668 16905 73863 - .019 -1.683 -1.631
) 21 129302 18883 2449 - .513 -1.488 -1.837
F8 22 122944 16978 13761 -~ .498 -1.445 ~1.847
F9 23 13k294 14997 7538 - .748 ~1.404 -1.014
SVALL CHECKS

e 4 45707 11219 10893 ~1.343 -1.535 -1.718
Gl 5 47273 31154 12013 -1.641 -1.768 -1.732
G2 6 79605 6694 11032 -1.916 -1.424 -1.336
G3 7 71173 12871 12160 ~ .093 -1.523 -1.256
G4 8 38888 6340 10470 - .409 -1.487 -1.538
G5 9 24046 5828 20532 - .305 - .426 -1.254
G6 10 11773 18163 11919 - 971 - 276 -1.503
G7 11 87984 36425 11144 -1.485 -1.735 -1.639
G8 12 47391 48425 21461 -1.603 -1.150 ~1.109
G9 13 24979 10840 18752 - .046 -1.223 -1.600
. 204 14 20579 13243 28279 -1.797 -1.616 ~-1.656
Hl 15 30491 16193 6449 -1.623 -1.118 -1.334
H2 16 7445 15057 15441 - .069 -1.547 ~-1.496
H3 17 19744 30659 29853 -1.407 -1.436 -1l.521
H4 18 21299 29254 39739 - .893 -1.586 -1.380
HS 19 20747 16017 65644 -1.282 -1.542 -1.315
H6 20 35132 29711 84642 -1.606 -1.429 -1.714
H7 21l 38380 47409 30371 -1.425 -1.471 - .126
H8 22 36919 25567 30034 -1.453 -1.464 -1.543 *
H9 23 50975 35402 25609 -1.752 ~1.50% -1.418 :
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Date: 6-~12-78 UNPATTERNED

p 2 £ £, £5 2 2, 2y
0 4 103899 62015 68250  -1.614  -1.711  ~1.549
at 5 99524 28836 50410  -1.806  -1.930  -1.322
72 & 145320 59873 39693 - .042 - .476 - .357
73 7 116313 200696 76434 - .443  -1.13d  -1.346
) T4 8§ 178903 2590 A7440 - .714  -1.762  -1.815
5 9 232748 30265, 46732  -1.021 - .392 - .898
J6 10 308225 242585 75570  -1.110 - .973  -1.48l
77 11 300509 181419 23484  -1.331  -l.440  -1.925
. J8 12 441313 85210 56482  -l.467  -1.862  -l.252
J9 13 :%6151 26863 - 87831  -1.647 - .695  -1.495
K6 14 589101 93283 39621  -1.926  -1.262  -1.593
KL 15 544584 89181 37470 - .229  -1.562  -l.488
K2 16 497985 16899 59849 - .464  -1.633  -1.362
K3 17 500802 37496 57726 - .745  -1.304  -1.535
K4 18 487886 66551 36408  -1.020  -1.409 - .838"
K5 19 474365 32849 35534  -1.263  -1.651 - .40l
K6 20 433545 53490 235584  -1.426  -1.441 - .930
K7 21 340261 34112 135495  -1.591  -1.291  -1.440
K8 22 295135 78265 48976  -L.751  -1.475  -1.350
K9 25 227940 73295 46767  -1.893  -1.608  -1.586

UNPATTERNED

24 137409 53491 72993 - .022 -1.599 -1.350

g

Ll 25 114132 26675 48798 - .263 -1.928 ~1.284

12 26 82446 93815 74040 - .513 - .982 ~1.682

L3 27 92344 60530 49560 - 776 -1.499 ~1.355

L4 28 107635 59664 54446 -1.035 -1.084 ~1.616

L5 29 97273 83696 52778 -1.217 -1.588 -1,488

16 30 100030 798429 54690 -1.348 -1.573 -1.455

L7 31 120094 50932 41785 ~1.543 -1.064 - <1.575

L8 32 74932 108493 $7749 -1.483 -1.362 -1.453

19 33 80431 96866 71348 -1.571 -1.674 -1.580

Mg 34 80168 73893 57151 ~-1.622 ~1.460 -1.397

ML 35 48802 40497 58414 -1.787 -1.329 -1.583

M 36 126853 193087 43582 -1.333 - 147 -1.925

M3 37 33268 75407 65150 -1.188 ~1.732 -1.677

M4 38 25328 38278 18047 -1.283 -1.833 -1.616

M5 39 44617 45289 29598 -1.243 -1.450 -1.361

M5 40 64935 50472 142953 -1.468 -1.498 -1.213

M7 41 77217 31050 13112 -1.425 -1.150 -1.340

M8 42 63925 50108 63540 -1.197 -1.749 -1.545 ;
VO :

43 33584 47979 55933 -1.550 -1.339 -1.547 !
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Date: 6-12-78 SMALL CHECKS

w  Hz £ £ £ 2, 2, 2y
N 4 151778 81985 50643  -1.845  -1.5359 ~1.584
N1 5 89558 101109 46230 - .571  -1.675 ~1.381
N2 6 187651 79797 45776 - .808 -1.965 ~1.790
N3 7 201114 23304 90090 -1.136 - .319 ~1.345
. N4 8 264734 143049 53131  -1.311 - .998 ~1.725
N5 9 194238 227457 385874  -1.503  -1.377 -1.185
N6 10 183392 247927 65030 -1.601  -1.791 -1.305
N7 11 202294 120888 72699 -1.893 - .238 -1.614
- N8 12 56532 73889 45398  -1.982 - ,754 -1.263
. N9 13 81410 103421 51832 - .319  -l1.142 ~1.513
0] 14 33823 97476 33607 - .646  -=1,487 -1.643
ol 15 56512 69339 36368 - .886  -1.627 -1.336
02 16 161797 49723 45681  -1.154  -1.710 -1.478
03 17 86292 17967 46021  -1.393  -l1.321 «1.510
04 18 183217 36188 | 24617  -1.538  -1.435 -1.382
o5 19 182883 65952 70791  -1.800 ~1.516 -1.581
06 20 212479 55698 56238 - ,138  -1.653 -1.500
07 21 171474 20715 82706 -~ .400 -1.764 ~1.532
08 22 117725 41871 59552 - .624  =1,107 -1.554
o9 23 167965 37748 62813 - .906  -1.321 -1.534

LARGE CHECKS

5] 4 318615 43806 44892 -1.853 -1.472 -1.329
Pl 5 199316 110133 33398 -1.,903  -1.346 -1.238
P2 6 264345 93822 56188 - .654 - .013 ~ .954
P3 7 229858 71376 79358 - 946 - .430 ~1.674
P4 8 219557 105345 20115 -1.174 - .968 ~1.818
P5 9 199429 145291 35061 -1.401  -1.292 -1.209
Pé 10 195556 128810 55017  -1.538  -1.604 ~1.393
p7 11 171287 57240 51076 -1.676 -1.954 ~1.564
P8 12 149360 7988 34000 -1.909 -1.802 -1.738
=] 13 93657 48986 40850 -~ 269 ~1.260 ~1.329
. o} 14 94710 59895 53268 - .623  =1.370 -1.481
Ql 15 116121 57873 56834 - ,968  ~=1.520 -1.531
Q2 16 144587 31413 34401  ~1.279 ~1.525 -1.579
Q3 17 154078 1878 21956  -1.522 -1.508 -1.458
Q4 18 114189 46350 37536 ~1.757 ~1.243 ~1.462
Q5 19 50967 70891 56602  -1.966 -1.419 ~1.635
Qb 20 24674 74437 80718 -~ .083 -1.503 -1.695
Q7 21 9923 62899 56928 - .358 -1,731 ~1.632
Q8 22 64044 37382 34888  ~ .814 -1.938 ~-1.438
o) 23 59818 6142 55668 -1.061 - .899 -1.386
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Date: 6-26-78 UNPATTERNED
M £ £ £, 2 2, 2,
R 23 180437 116557 75771  -1.724  -1.595  -1.572
RL 22 246468 118193 74242  -1.624  -1.555  -1.499
R2 21 1365011 97121 111846  -1.522  -1.519  -l.452
R3 20 442635 70245 102652  -l.418  -1.390 - .883
. R& 19 589839 66340 20538  -1.186  -1.121  -1.279
RS 18 576764 56689 32615 - .874  -1.402  =1.336
R6 17 662617 110921 174380 - .530 -1.692  -l.514
, R7 16 710518 155174 35344 - .248  -1.500  -1.207
R8 15 637977 155321 32314  -1.913  -1.220  -1.881
RO 14 523643 35812 140217 -1.758 - .522  -1.609
s¢ 13 500817 121853 117849  -1.554  -1.920  ~1.342
SL 12 283986 202657 27306  -1.490 -1.698  ~l.327
s2 11 356226 268238 83566  -1.37%  -1.335  -1.715
S3 10 439948 289099 130338  -1.247 - .942  -l.448
sS4 9 415400 323836 95045  -1.082 - .37} - .890
s5 8 284820 371480 82226 - .764  -1.786  -1.808
6 7 172602 303563 136702 - .499  -l.178  «1.227
57 6 161813 89114 71317 - .210 - .497 = .375
s8 5 129517 43631 33691  -1.770 - .14l - .883
59 4 93609 62773 123924  -1.690 -1.841  -1.677
UNBATTERNED
9 4 135698 73817 112565  -1.704  -1.794  -1.573
1 5 106774 52706 24443  -1.820 -1.834  -1.016
2 6 146397 131001 73864 - .193 - .572 - .387
™ 7 149874 228198 127499 - .476  -1.210  -1.381
T4 8§ 280083 354536 87908 - .786  -l.775  -1.856
5 9 165460 325557 82164  -1.133 - .330 = .920
™6 10 377182 278570 97772 -1.262 - .944  -1.474
T7 11 263322 242680 48054  -1.288  -1.376  -1.662
T8 12 209257 207900 17033  -1.533  -1.783  -1.040
T 13 346434 91049 84779  -1.554 - .113  -1.346
. W 14 577728 104133 75649  -1.803  -1.083  -1.754
gl 15 718403 140381 41167 - .086  -1.429  -1.865
U2 16 719840 122369 48144 -~ .314  -1.729  -1.281
U3 17 677723 36252 78059 - .599 - .363  -1.490
U4 18 633971 75230 43119 - .828 - .975  -1.513
Us 19 644516 50067 39126  -1.154  -1.315 - .838
U6 20 552930 59823 152512  ~1.402  -1.344 - .789
U7 21 455723 80056 48301  -1.548  -1.451  -1.552
Us 22 360275 80539 46437  -1.686  -1.483  -L1.440
W 23 201950 64299 50553  ~-1.848  -i.62 -1.776
A-18
iy ,
R A T R LT L D e L R L EATOU)
¢¥%$QMMmmﬁﬁﬂﬁ&ﬂﬁﬁﬁﬁﬁﬁ&ﬁﬁﬁ%ﬂﬁVﬁJ*ﬁﬂo'”




W NEF NS YEMAEY VN VRGN U RN YU RL w e

A mam ey et e e

Date: 8-1-78 LARGE CHECKS

w £ £, £5 2 7, 2,
w 4 128522 73487 46143 -1.698 -1.368 -1.390
\'al 5 55933 115402 62949 - .240 -1.560 -1.438
2 6 72484 90263 58791 - .789 -1.786 -1.233
v3 7 131379 22420 88244 ~1.076 - .425 -1.572
. V4 8 154241 85038 55464 ~-1.269 -1.162 ~1.534
s 9 151265 116182 45609 -1.392 -1.401 -1.391
V6 10 7825 102956 56413 -1.476 -1.717 -1.443
v7 1 146678 41034 60926 -1.654 ~1.739 -1.533
. v8 12 127949 27099 36484 -1.942 -1.461 -1.519
Vo 13 92958 41311 15691 - .085 -1.404 -1.627
e 14 69370 64533 61427 - .523 -1.517 -1.564
Wl 15 107495 57918 52623 - 944 -1.491 -1.577
w2 16 131602 54729 57651 -1.215 -1.614 -1.544
w3 17 140166 34311 44142 -1.387 -1.313 ~1.627
W4 18 89403 45640 41793 -1.711 -1.432 -1.444
W5 19 4893. 76826 81115 -1.776 -1.524 ~1.529
W6 20 23491 49209 227070 -1.637 -1.498 -1.628
W7 21 13545 24915 79910 -1.388 -1.504 -1.568
W8 22 52254 21790 54627 -1.437 -1.637 -1.505
W9 23 59281 26244 57387 -1.131 -1.177 -1.488
LARGE CHECKS
b 4 126582 73557 42777 ~-1.866 ~1.478 ~1.410
el 5 60094 108163 60813 - 297 -1.492 ~1.445
X2 6 143667 67314 47385 - .720 -1.902 -1.262
X3 7 168651 27336 54122 ~1.005 - .597 -1.601
X4 8 269520 107076 47055 -1.232 ~1.039 -1.542
X5 9 155522 103228 43768 -1.416 -1.474 ~1.444
X6 10 143034 81480 47446 -1.532 ~1.709 ~1.459
X7 11 183980 17730 53783 -1.694 -1.846 -1.532
X8 12 123683 29130 45438 -1.925 -1.328 ~1.560
X9 13 96194 55535 42091 - .203 -1.357 -1.421
4 14 79432 52879 46577 - .553 -1.508 -1.507
Yl 15 73131 49828 40449 - .904 ~1.500 -1.485
Y2 16 101410 49876 48017 -1.146 ~-1.594 -1.532
Y3 17 98670 41422 34786 -1.307 ~1.505 -1.510
Y4 18 94984 40940 34338 -1.566 -1.409 -1.381
YS 19 78743 66748 73280 -1.503 ~1.456 -1.557
Y6 20 53314 58644 197036 -1.528 ~1.614 -1.897
Y7 21 55658 43085 62664 ~1.700 ~1.605 -1.448
Y8 22 43308 33104 34537 -1.543 -1.614 -1.400
Y9 23 34349 17220 45174 -1.321 -1.383 -1.476
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Date: 8-1-78 SMALL CHECKS

» Hz £ £ £3 2y 2, q
29 4 160S18 122315 62512 - .100  -1.57% -1.618
zl 5 187952 108138 41213 - .505  -1.604 -1,376
22 6 241883 74778 98215 - .851  -1.924 -1.483
23 7 306190 34440 71710  -1.107 -~ .568 -1.508

. Z4 8 261844 123762 45325  -1.347  -1.118 -1.624
25 9 218484 230825 61630  -1.579  -1.398 -1.366
26 10 176169 203916 79056  =1.727  -1.782 -1.557
z7 1 137748 101525 47289 -1.822 - .176 -1.635
728 12 44562 73293 63151 - .028 - .874 -1.399
79 13 44851 106733 65420  -1.887  -1.278 -1.495
ga 14 30245 117341 47373 -1.425 -1.501 -1.626
15 21457 71024 38248  -1.161  -1.633 -1.466
22 16 36638 16499 60278  -1.062  =1.917 -1.429
A 17 90720 49095 71903  -1.291  -1.537 -1.463
4a 18 135500 64945 44299  -1.415  -1.453 -1.448
5A 19 149543 79699 57005  -1.574  =1.532 -1.581
6a 20 127243 55700 179424  -1.980 -1.711 -1.401
7 21 61736 29483 88913 - .204  -1.481 -1.434
8a 22 52354 60247 68139 - .753  -1.342 -1.497
9A 23 52993 76853 66016 -~ .995  -1.387 -1.492
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@B 23 238408 54003 50648 -1.107 ~1.509 -1.494
1B 22 158957 42242 43049 - .839 ~1.346 -1.423
B 21 145383 13540 69204 - 477 ~1.518 -1.511
. 3B 20 159966 35110 444352 - .250 ~-1.312 - .659
G 48 19 196834 50099 15668 ~1.935 ~1.558 -1.657
! SB 18 149843 49774 68923 -1.604 ~1.373 ~1.410
6B 17 174522 25303 31699 -1.305 ~1.634 -1.599
B 16 74589 28260 53694 -1.091 ~1.559 -1.495
88 15 32122 40142 34974 - .859 ~1.746 ~1.254
9B 14 16389 91591 34184 - .401 -1.597 -1.812
gc 13 39969 102842 52138 - .230 ~1.256 -1.571
1c 12 56918 83834 40885 -1.936 - .889 -1.287
2C 1l 124971 74265 14185 -1.805 - .328 -1.614
3c 10 183478 152366 53418 -1.712 ~-1.894 -1.508
4C 9 220817 200288 60125 -1.563 -1.459 -1.300
5C 8 231905 173112 8778 -1.325 -1.090 -1.478
6C 7 217144 81191 43105 -1.104 - 609 -1.588
7c é 241760 56881 69088 - .830 - .102 -1.652
8c 5 255947 98665 47164 - .479 -1.766 -1.083
9c 4 179257 84776 29697 - .115 -1.549 -1.908
SMALL CHECKS
7D 4 179896 82466 23239 - .163 -1.572 ~1.931
1p 5 177372 53329 38228 - .485 -1.771 ~1.144
2D 6 224762 72617 58000 - .848 - .078 -1.871
3D 7 220365 74472 42910 -1.094 - .,637 ~-1.446
4D 8 195047 146080 29757 -1.358 ~-1.069 - .0l6
SD 9 194372 203940 44565 -1.483 -1.480 -1.186
6D 10 162154 141041 39192 -1.695 -1.928 ~1.542
0] 11 105322 73525 13839 -1.815 - .375 -1.833
8D 12 76411 82245 33482 ~1.955 - .868 -1.267
9D 13 56991 86320 35778 - .270 -1.260 -1.504
gE 14 67189 70286 23485 - .690 ~1.545 -1.713
1E 15 64924 50130 37793 - .867 -1.833 -1.280
2E 16 120672 23648 47191 -1.151 -1.757 -1.503
3E 17 206602 9541 16217 ~1.358 -1.091 -1.530
4E 18 238467 34879 17702 -1.725 -1.303 ~1.567
3E 19 170894 35216 11460 ~1.975 -1.780 -1.628
6E 20 114398 29751 47149 - .203 ~1.960 - .538 )
TE 21 103506 27282 38127 - .581 - .599 -1.300 !
8E 22 86169 38711 24985 - .813 -1.280 ~1.678 !
9E 23 72262 69034 14563 -1.057 -1.313 -1.370 :
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Date: 8-18-78 UNPATTERNED

P Hz £ £ £5 2, 2, 2,
gF 23 219637 74283 22516  -1.991  -1.340 - .266
\F 22 225283 63180 39275  -1.804  -1.436  -1.514
2P 21 335225 47731 63614  -1.582  -1.190  -l.563
SF 20 393364 35553 480071  -1.413  -1.686 - .464
F 19 460414 53045 36148  -1.118 -1.676  -1.182
SF 18 354549 96201 587190 - .773  -1.470  -~1.347
&F 17 517928 17124 67514 - .581 - .987  -1.443
7F 16 529684 66215 30142 - .292  -1.740  =L.230
eF 15 327643 77791 3394 - .021  -1.445  -1.870
OF 14 302050 24961 67689  -1.752 - .994  -1.675
gc 13 288024 37665 56059  -1.627 - .243  -1.391
16 12 215917 110028 20602  -1.435  <1.793  -1.209
26 11 210188 135433 33000  -1.478  -1.467  ~L.721
3% 10 261335 185893 60226  -l.377  -1.063  -l.578
4G 9 270919 219444 58019  -L.173 - .482  -l.114
5G 8 139602 242516 34515 - .820  ~1.812  ~1.907
6G 7 83999 169280 = 95611 - .532  -l.241  -1.484
G 6 62075. 78926 47515 - .168 .« .661 - .684
8G 5 65428 38405 19626  -1.907  -1.548  -1.391
%G 4 37131 51705 59174  -1.542  -1.794  -1.595

UNPATTERNED
gH 4 48367 45489 58092  -1.554  -1.712  -1.600
1 5 78599 68741 12259  -1.885  -1.496  -1.115
P 6 70017 81814 37214 - .160 - .524 - .549
= 7 75529 195576 82418 - .529  -1.200  -1.468
& 8 151413 233804 27225 - .852  -1.809  -1.849
5 9 208043 180270 32468  -1.143 - .467  -1.088
g1 10 172669 144401 84082  -1.255  -1.001  -1.525
M 11 200382 128701 39389  -1.600  -l.474  -1.663
& 12 154958 84474 19788  -1.526  -1.758  -1.138
oH 13 195225 41861 55587  -1.610 - .209  -1.360
4T 14 268222 38003 45585  -1.782  -1.072  -1.05l
1T 15 337743 66838 24371 - .023  -l.450  -1.774
2T 16 371604 10850 40159 - .423 - .509  -1.313
3T 17 420898 41455 32240 - .642  -1.106  -l.491
T 18 423401 52809 4773 - .972  -1.432  -1.652
ST 19 426909 48823 23151  -1.201  -1.684  -1.065
6T 20 324338 14655 258284  -1.428  -1.393 - .208
7T 21 296516 16445 55613  -1.585 - .981  -1.678
8T 22 219701 52489 28536  -1.714  -1.375  -1.447
9T 23 201747 55114 19660  -1.794  -1.564  -1.598
A=22
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’ Date: 9-1-78 PATTERNED BACKGROUND - EYES OPEN

! e £ £ fa % % 73

o

¥ N 4 11939 18697 23195  -1.413  -1.471 -1.446

g IN 5 21842 29744 26517  -1.338  -1.389 -1.587

~ N 6 18826 14282 30476  -1,525  -1.413 -1.514
aN 7 28128 24902 21541  -1.565  -1,276 -1.413

S 4N 8 44377 23810 27785  -1.456  -1.409 -1.493

B SN 9 44671 21307 27394  -1.585  -1.270 -1.438

R 6N 10 45640 21582 23199  -1.622  -1.509 -1.549

N ™ 11 8112 19523 17218 - .684  -1.503 -1.546

- 8N 12 10987 20112 17348  ~1.446  -1.551 -1.430
9N 13 28360 18559 16932  -1.547  -1.413 -1.477
g0 14 24704 24442 15136  -1,292  -1.435 -1.394

W 10 15 18138 21975 16257  =1.819  -1.506 -1.475

ﬁ 20 16 13263 16926 15289  -1.899  -1.544 -1.540
30 17 5627 19189 13453  -1.774  -1.400 ~1.403
40 18 18699 16203 19592  -1.,011  -1.517 -1.416
50 19 50139 43888 35021° -1.488  -1.599 -1.657
60 20 9382 7506 36761 - 143 -1.227 ~1.691
70 21 25561 21429 14917  -1.259  -1.465 -1.448
80 22 19591 16836 15015  =1.387  -1.469 -1.482
%0 23 18537 17831 16178  -1.509  -1.442 -1.401
Date: 9-4-78 UNPATTERNED BACKGRCUND -~ EYES OBEN
)= 4 47393 57121 40128  -~1.566  =1.523 -1.525
1P 5 47709 32581 54872  ~1.408  -1.507 -1.481
2p 6 49059 39838 42551  -1.458  -1.486 ~1.506
3p 7 44411 39444 44729  -1.517  -1.433 -1.461
4p 8 43673 52923 39127  -1.618  -1.586 -1.454
5P 9 56860 37180 36838  -1.641  -1.387 ~1.459
6P 10 30370 42983 45652  =1.728  -1.423 ~1.495
7 .1l 51175 33461 39727  -1.,511  -1.576 -1.479
&P 12 44910 35471 37814  -1.488  -1.408 -1.522
9p 13 47632 37703 39438 -1.497  -1.477 -1.494
Q 14 39673 39773 38755 -1.441  -1.448 ~1.448
1Q 15 46434 46531 39185  -1.425  -1.474 ~1.478
7o) 16 24484 36595 36915  -1,537  -=1.445 -1.469
k'e) 17 44916 41108 38002  -1.413  -1.475 -1.469
4Q 18 45890 33519 31787  -1.585  -1.501 -1.507
5Q 19 40188 238835 35202  -1.514  -1.535 -1.482
6Q 20 35735 32166 23838  -1.549  -1.468 -1.506
i} 21 25109 34437 34889  -1.527  -1.481 -1.512
8Q 22 43418 33952 34714  -1.476  -1.524 -1.494
o) 23 27823 37994 34132  -1.481  -1.503 ~1.493

A=23
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‘ Date: 9-1-78 LARGE CHECKS

o e omz £ £ £ 2 2, 2y

o —

£ &7 4 162978 94126 63066  -1.878  ~1.407  -1.413

b 1T 5 111098 150838 51926 - .380  -1.571  -1.515
27 & 151383 85581 85422 - .778  -1.939  -1.330

[\ 3 7 197860 36144 67233  -1.070 - .799  -1.658

. 4T 8 213252 105370 44086  -1.309  -1.231  -L.551
3 sT 9  lseas4 116343 57729  -1.474  -l.491  -1.408
% &7 10 185161 97910 63074  -1.667  -1.743  -L1.503
- 77 11 161500 22215 55562  -1.816  -1.579  -1.533
& 12 117383 57346 57060 - .067  -1l.248  -1.376
o7 13 74559 68051 59423 - .407  -1.385  -1.416
gk 14 91527 60754 59268 - .820  -1.487  -l.512
K 15 129461 5768l 52702  -1.128  -1.553  -1.528
K 16 157388 56318 52212  -1.370  -1.583  -1.524
WK 17 135709 49479 55038  -1.557  -1.461  -1.492
& 18 117647 61529 56796  -1.676  -1.447  -1.467
5K 19 49684 69578 55069  -1.912  -1.528  -1.501
6K 20 31061 62105 45475  -1.999  -1.609  -1.408
7K 21 28353 - 39138 56864  -1.140  -l.525  -1.483
&K 22 6251 45105 52196  -1.264  -1.494  -1.499
Sk 23 71590 54337 54766  -1.382  -l.427  -1.475
LARGE CHECKS

gL 23 61950 51449 58523  -1.391  -1.433  -1.490
I, 22 53266 43363 53844  -1.260  -1.462  -1.487
2. 21 18482 40338 54895  -1.245  -1.533  -1.475
L 20 9651 52100 51667  -1.737  -l.574  -1.508
4 1 41323 64858 51526  -1.827  -1.544  -1.501
s 18 75462 72082 54985  -1.680  -1.352  -1.426
6L 17 102438 53847 53022  -1.55  -l.42L  -1.477
7. 16 132105 42008 47252  -1.408  -1l.461  -1.484
6L 15 106487 53991 46802  -1.149  -1.534  -1.531
oL  1a 84158 63187 55778 - .915  -l.541  -1.501
M 13 74252 63275 53997 - .390  -l.415  -l.488
M 12 102236 39718 46363 - .133  -1.284  -1.462
a1l 172193 17758 49749  -1.808  -1.624  -1.523
™M 10 182516 84297 57872  -1.673  -1.796  -1.547
& 9 211468 105444 57931  -1.484  -1.536  -1.458
sM 8 250183 116856 35894  -1.277  -1.250  -1.404
e4 7 181550 42592 51038 - .987 - .697  -l.701
™ 6 209918 76556 53876 - .752 - .181  -1.301
a4 5 230958 105621 16806 - .385  -1.633  -1.758 |
oM 4 156870 84391 12255 - .003  -1.329  -1.269 |
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Date: 5-10-78 UNPATTERNED
! RR  Hz £ £, £y 21 ) 2,
._,.

\ er) 23 40353 45224 38846  -1.532  -1.559 -1.454
! Gl 22 53229 57867 26426  <1.539  -1.540 -1.415
\ e7) 21 28633 65429 26254  ~1.542  -1.481 -1.321
g G3 20 30957 46461 104848  -1.372  -1.351 ~1.866

A G4 19 43317 47440 162875  -1.520  -1.571 -1.668
Ayl G5 18 18549 44177 55980  -1.549  -1.489 ~1.571

I G6 17 68605 36878 38605  -1.374  -1.532 -1.492

- G7 16 108810 27854 39082  -1.233  -1.509 -1.501

G8 15 39098 49383 44538  -1,219  -1.563 ~1.471

. ) 14 37246 43592 41806  -1.724  -1.418 -1.501
ﬁ : HY 13 66639 49414 46104  -1.871L  -1.460 -1.519
o H1 12 31012 55083 47044  -1.628  -1.537 ~1.486
*& H2 11 88001 61286 56207  -L.590  -1.510 ~1.509
o H3 10 87955 55154 47063  ~1.543  -1.511 -1.522
X H4 9 65322 53073 45501 . -1.486  -1.388 -1.437

' HS 8 61558 62748 36407  -1.378  -1.433 ~1.521
;ﬁ; H6 7 37873 13162 29929  -1.475  -1.676 -1.376
0N H7 6 39425 35262 31386  -1.441  -1.643 ~1.542
T HE 5 30582 38037 40467  -1,300  -1.533 -1.521
Ll H9 4 19312 40000 39287  ~-L.537  -1.343 ~1.478
0t SMALL, CHECKS
L+
8 Ig 23 24814 47430 41315  -1..405  -1.620 ~1.177
K Il 22 63156 42649 3667  -1.557  -1.440 ~1.940
, I2 21 27103 46972 176318  -1.642  -1.607 ~1.009
-J I3 20 21771 47571 294259  -1.593  -1.473 ~ .359
% I4 19 51931 63740 219247  -1.544  -1.601 ~1.721

' I5 18 15702 39469 44073  -1.476  -1.519 ~1.844
" 16 17 21094 31018 20235 -1.374  -1.716 ~1.480
:$2 I7 16 37940 27441 33984  -1.535  -1.519 ~1.495
o 18 15 25069 38778 38586  -1.434  -1.468 ~1.576
& I9 14 24671 19785 37219 -1,703  -1.597 -1.494
D' Jy 13 29556 32682 40928 -1.523 -1.619 ~1.641

Y Jl 12 29903 36789 29525  -1.581  -1.475 ~1.488

W J2 11 59619 35872 42468  -1.553  -1.407 ~1.517
.G J3 10 56884 26423 38102 -l.413  -1.551 ~1.489
g J4 9 23794 42632 48841  -1.602  -1.575 ~1.579
& Js 8 44887 136220 32240 -1.377  -1.493 ~1.452
4 J6 7 26475 20737 19614  -1.510  -1.553 ~1.439
l&f J7 6 38352 40617 41110  -1.409  -1.399 -1.483
o) J8 5 24174 28165 35636 -1.349  -1.341 ~1.508
) J9 4 32273 39787 25014  -l.401  -1.392  -1.488
A%
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Date: 5-10-78 LARGE CHECKS

RR Hz £1 £, £, ¢l ¢2 ¢3
Ky 23 22951 59167 96114 -1.622 -1.849 -1.041
K1 22 31425 44629 4682 -1.501 -1.381 - .415
K2 21 24212 43721 249919 -1.8%9 ~1.706 -1.,005
K3 20 36298 23553 403078 -L." .9 -1.557 - .379

. K4 19 38063 48827 209955 -1.510 -~1.590 -1,748
KS 18 34134 28105 74963 -1.668 -1.634 -1.954
K6 17 24623 38863 18939 -1.211 -~-1.568 -1.864
K7 16 39066 30578 38745 -1.370 -1.495 -1.471
K8 15 28877 32894 35612 -1.638 -1.373 -1.430
K9 14 38535 20947 30913 ~1l.769 ~1.619 -1.578
g 13 36820 37086 40344 -1.554 -1.546 ~1.546
Ll 12 19669 33888 27524 -1.625 ~1.354 ~-1.466
2 11 97750 38718 35225 -1.522 ~1.559 ~-1.539
3 10 49780 48231 22268 -1.388 ~-1.622 ~-1.419
L4 9 20075 32244 35658 -1.299 ~1.484 -1,501
LS 3 42041 26330 42267 - .143 ~1.391 -1.511
L6 7 22769 26879 21544 -1.633 -1,492 -1.631
L7 6 35478 28739 35399 -1.554 ~1.412 -1,443
18 5 24450 ' 22066 21467 ~1.389 -1.220 -~1.535
Lo 4 15433 24037 16662 -1.509 -1.432 -1.421
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Date: 6-19-78 LARGE CHECKS

RR Hz £, f2 f3 ¢l ¢2 ¢3
My 23 78453 91202 77040 -1.428  -1.369 -1.508
ML 22 77965 57201 87622  -1.348  -1.435 -1.530
M 21 57102 44059 122516  -1.378  -1.594 -1.462
M3 20 58933 58562 217116  -1.378  -=1.625 -1.872
) M4 19 53493 95151 86130  ~l.0°}  -1.%61 -1.635
M 18 27938 61445 67795  =1.823  ....472 -1.538
M5 17 78564 53379 69834  -1.673  -1.486 ~1.444
M7 16 81688 50096 31250  -1.575  -1.495 -1.394
M8 15 109892 49721 27821  -1.310 -1.369 ~1.662
MO 14 67346 35384 36685 -~ 926  -1.374 -1.504
NG 13 55131 16651 37534 - 792 - .992 -1.437
N1 12 67873 21836 29587 - .393 - .232 ~1.458
N2 11 115177 53822 31395 - .088  -1.855 ~-1.524
N3 10 114797 74393 22485 -1.749  -1.599 -1.650
N4 9 140733 64652 15812  -1.677  -l.284 -1.418
NS 8 188202 40027 49530  -1.464  -1.113 -1.663
N6 7 137190 26620 63669  -1.222  -1.602 -1.417
N7 6 30529 209136 23570 - 611 - .402 - 517
N8 5 45709 66739 53830  -1.119 - .132 -1.640
N9 4 84085 73063 48758  -=1,125  -1.506 - .838
SMALL CHECKS
od 23 47216 14295 23573  -1.567 - .864 -1.581
ol 22 58590 14303 1759¢  -1.37%  -1.787 -1.681
02 21 31683 10066 47441  ~ ,908 < .546 -1.423
03 20 34444 16070 191788 - .962  -1.362 -1.411
o4 19 27299 26410 36679 - .923  -1.466 ~1.439
o5 18 31344 13133 4263  =1.949 -1.512 ~ .278
06 17 35299 30466 13153 - .257  =1.758 -1.608
07 16 46685 17317 21949  -1.488  -1.388 ~1.534
08 15 73105 7888 7775 ~1.355 -1.189 ~1.688
o9 14 41641 7268 14132  -1.584 - .144 -1.585
Py 13 13614 14632 16458  ~1.241  -1.869 ~-1.585
Pl 12 49042 51261 6562 - .824  ~1.529 -1.842 =
P2 11 3279 46527 23097  ~-1.514  -1.345 ~1.647 1
P3 10 14851 13390 20402  -1.828 - .966 -1.476
P4 9 49330 3365 19245 -~ ,296  -1.839 ~1.387
PS5 8 77939 55897 2544  -1.603  -1.651 ~1.450
Pé 7 20918 34131 28969  -1.502  -1.303 ~1.499
p7 6 29506 28761 18296 -1.771 -l.642 ~ .014
P8 5 53757 29103 15525 -1.542 - .796 -1.375
P9 4 76442 18459 33454 -1.317  -1.523 ~1.592 ;
A-27
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Date: 6-23-78 UNPATTERNED

RR  Hz £ £ £q 2 2, 2,
o] 23 58919 24254 57332  -1,692  -1.311 -1.503
Ql 22 75004 - 12917 45798  -1.592  -1.588 -1.458
Q2 21 97271 66288 34628  -1.551  ~1.822 -1.302
Q3 20 160068 88157 189810  -1.288  -1.540 - .483
. Q4 19 96310 80465 54703 -~ 971  -1.493 -1.757
Q5 18 75483 43072 14613 - .527  ~1.280 -1.572
o 17 122135 40538 42160 - .255 = ~1.215 -1.406
Q7 16 108005 5827 41650  -1.901  -1.269 -1.592
Q8 15 147639 24857 48369  -1.686 - .044 -1.483
o) 14 141654 62937 51181  -1,340  -1.631 -1.547
20} 13 133991 88901 43247  -1,336  -1.513 -1.520
R1 12 120133 90393 45839  -1.129 1,496 -1.427
R2 11 82781 67966 35241  -1.038  -1,258 ~1,421
R3 10 21982 28546 47867  -1.546 = .527 ~1.565
R4 9 31992 136241 “5691 1,816  -1.745 -1.477
RS 8 46162 108999 30681  -1.542  -1.380 -1.381
R6 7 27867 81228 48302  -1.342  -1.226 -1.443
R7 6 32362 2850 52985  -1,176  ~1.009 -1.533
R8 5 80294 39199 24336  -1.340  -1.759 -1.252
R9 4 60629 65215 86157  -1.608  -1.369 ~1.585
LARGE CHECKS
sg 4 97320 56905 19013  -1.213  =1.569 - .449
sl 5 56926 61072 48732  -1,669  -1.965 ~1.534
s2 6 89976 68902 23758 - .336 - ,282 - .340
83 7 111175 41775 23839 - .839 - .697 -1.063
S4 8 129406 47716 28006  -1.166  -1.'06 -1,837
Lo ss 9 107013 74530 4645  -=1.395  .1.401 - .926
s S6 10 127111 51227 8264  -1.616  -1.687 - .609
Pty s7 11 112558 35978 17039 -1.966 - .092 -1.033
(¥ s8 12 114275 33677 4043 - .076 - .542 - ,594
g!!§ 39 13 96809 28810 6992 -~ .275  -1.001 - 449
a%%* v 14 112767 24158 19833 . - .647  -1.437 - 054
Rl T1 15 63365 21127 11691  -1.082  -1.538 -~ .331
) T2 16 89968 15194 23737  -1.005  -1.578 -1,315
o i) 17 40048 3550 20388  ~1.562 - .303 -1.386
[ T4 18 15650 16253 35342  -1.940  -1.342 - 467
. S 19 50213 30929 36891  -1.799  -1.525  -1.788 :
15 6 20 40931 19798 310640  -1.774 -~ .228 - .730 5
ﬂrﬁg ™7 21 32193 22825 79074 - .270 - .577 ~1.487 j
L T8 22 27136 24148 20436 - .594 - .917 ~-1.931 |
0 T9 23 19433 23780 8840 - .855  -1.121 ~1.397
7
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Date: 6-23-78 SMALL CHECKS

RR Hz £, £, £, 2, ¢2 2,
ug 4 45303 37095 34252 -1.422 - .258 ~1.340
Ul 5 47257 1389 27097 -1.788 ~1,112 -1.790
U2 6 20163 34622 26641 - ,351 -1.333 ~1.208
U3 7 32600 31848 20493 - 602 -1.390 ~1.777
U4 8 103494 51466 12361 -1.402 ~1.735 ~ .263
Us 9 27352 10080 8715 ~-1.848 - .98l ~1.427
U6 10 24763 24971 16644 - ,100 -1.790 -1.523
u? 11 42702 45708 15207 - .781 -1.131 ~1.609
Us 12 32842 43014 12842 - ,755 -1.555 ~1.538
15,:) 13 56592 33771 46650 -1.157 -1.609 ~1.469
w 14 89821 24006 35968 -1.176 -1.526 ~1.441
\'s} 15 20751 34267 40169 -1.406 -1.469 ~1.514
V2 16 113425 70407 60772 -1.738 -1.531 ~1.495
V3 17 21541 33757 35741 - .032 -1.541 =1.477
V4 18 64571 31040 22713 -1.608 -1.513 ~1.584
Vs 19 59144 41335 56237 -1.650 -1.423 ~1.562
V6 20 48774 45712 262017 - 042 -1.524 - .030
\" 21 24531 23974 95233 -1.289 -1.507 -1.461
) 22 47188 34029 35924 -1.239 -1.532 -1.588
V9 23 52135 27614 61643 -1.174 -1.586 -1.498
UNPATTERNED

W 4 29048 40757 62189 -1.912 -1.538 -1.511
Wl 5 33760 35270 21675 -1.521 -1.771 -1.620
W2 6 22127 20244 50923 -1.646 - .739 -1.518
W3 7 16946 76120 32170 -1.537 -1,170 ~1.492
W4 8 41545 114697 26641 -1.395 -1.509 -1.452
W5 9 42620 93018 47858 -1.7%4 -1.861 -1.477
W6 10 7920 54109 47217 -1.929 - .638 -1.583
w7 11 49025 93254 27182 - .998 -1.339 -1.609
W8 12 101079 74540 38526 -1.231 -1.582 -1.394
W9 13 116394 47197 41914 -1.351 -1.559 -1.521
Xg 14 127208 45376 28819 -1.557 -1.661 -1.383
pol 15 120085 17206 33674 -1.718 - .0%9 -1.45]
X2 16 123390 12713 38539 -1.940 - .872 ~1.457
x3 17 104021 46492 33137 - .202 -1.218 -1.504
X4 18 113718 60958 10907 - .438 -1.362 -1.742
X5 19 104992 74396 58072 - .892 -1.574 -1.776
X6 20 159924 64037 304145 -1.309 -1.769 - .902 ;
X7 21 106855 51328 43296 -1.421 -1.852 -1.364 ]
X8 22 100155 8882 33295 -1.302 -1.207 ~1.358 !
X9 23 104218 29844 26695 -1.477 - .908 -1.737



Date: 6-26-78 UNPATTERNED )
RR Hz £, £, f3 ¢l ¢2 ¢3
4 4 56177 49453 73818 -1.547 -1.342 ~1.461
Yl 5 68217 70706 36824 -1.624 -1.653 -1.511
Y2 6 30405 11027 67574  -1.725 - .053 -1.493
Y3 7 42417 67935 16191 -1.594 -1.072 -1.623
Y4 8 41156 117412 29724  -1.551 -1.373 ~1.469
Y5 9 65200 121871 56694 -1.617 -1.814 -1.453
Y6 10 44224 74623 37421 - .188 - .541 -1.657
¥7 11 70900 100436 19601 - .901 -1.279 -1.743
¥8 12 106135 79263 27953 -1.144 -1.481 -1.375
Y9 13 107025 42386 34902 -1.308 -1.611 -1.513
z4 14 98907 63300 43550 -1.461 -1.742 =1.294
z1 18 164834 39173 32704 ~-1.670 -1.958 -1.537
72 16 161755 24003 27709 - .026 - .724 -1.465
23 17 136311 37491 25119 - .288 -1.025 -1.561
Z4 18 155255 47789 14010 - 512 -1.291 - .972
25 19 182298 66043 30189 - 871 -1.542 -1.891
%6 20 58804 82330 166607 -1.027 ~1.657 - .935
27.. 21 74385 48388 22682 -1.429 - .028 ~1.599
28 22 57647 . 19649 22486 -1.32% - .541 -1.522
29 23 54817 35395 28843 -1.573 - .846 -1.337
UNPATTERNED
@A 23 71845 29687 26520 ~1.556 - 757 -1.500
1A 22 97872 20946 8928 -1.445 - .306 ~1.781
2A 21 108146 42769 40379 -1.292 -1.885 ~1.444
3A 20 158471 48162 128540 -1.180 ~1.747 - .305
4a 19 155508 91072 28320 - .876 -1.480 -1.918
SA 18 126780 57207 5091 - .578 ~1.175 -1.117
6A 17 129391 47648 30099 - .209 - .982 -1.459
7A 16 146956 8907 22703 -1.911 - .545 -1.539
8A 15 143609 24743 32681 ~1.654 ~1.916 ~1.448
9A 14 125178 58741 6841 -1.492 -1.726 -1.748
2B 13 121121 45592 32944 -1.312 -1.558 -1.615
18 12 105519 90069 26102 -1.162 -1.410 -1.373
28 11 124707 91403 27163 - .936 -1.187 -1.466
3B 10 225792 159016 41891 -1.049 ~1.571 -1.760
4B 9 32517 128006 48824 -1,758 ~1.967 -1.543
5B 8 24698 117968 18832 -1.753 ~1.496 -1.641
6B 7 29046 88847 24177 -1.532 ~1.233 -1.158
yj:) 6 10607 21528 27656 -1.832 - .838 -1.595 :
8B 5 34440 47911 9833 ~1.524  -1.665 -1.181 :
9B 4 69134 31834 42578 ~1.648 ~1.508 -1.563
A-30
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Date: 8-4-78 LARGE CHECKS
R Hz £ £ £ 2y 2 %
gc 4 63956 66103 22466  -1.333  -1.545  -1.425
1C 5 72670 49857 78342  -1.441  -1.694  -1.510
2c 6 70099 39891 59298  -1.442  -1.492  -1.509
3c - 64060 42376 62652  -1.281  -1.423  -1.484
) 4 8 91724 67345 56159  -1.360  -1.407  -1.454
5C 9 99709 65211 57857  -1.517  -1.545  -1.460
6C 10 105802 77726 64930  -1.614  -1.542  -1.464
¢ 1 69183 40732 46984  -1.776  -1.580  -1.447
& 12 65716 32516 61055  -1.925  -1.511  -1.301
oc 13 16443 62606 64051 - ,723  -1.429  -1.430
g0 14 29767 56849 52371  -1.180  -1.439  -1.551
1D 15 101770 56563 56746  -1.272  -1.572  -1.530
20 16 110703 46329 57817  -1.355  -1.548  -1.426
D 17 .D4846 59107 80786  -1.584  -1.495  -1.495
o 18 98562 68769 68072  -1.683  -1.467  -1.489
50 19 70699 64338 47950  -1.693  -1.471  -1.378
&0 20 29160 46978 422315  -1.552  .1.832 - .612
D 2l 31515 46656 47596  -1.534  -1.404  -1.584
&0 22 52114 68404 53085  -1.363  -1.486  -1.645
o0 23 39320 84324 42075  -1.572  -1.453  -1.571
LARGE CHECKS
E 4 125341 82750 52275  -1.476  ~1.530  -1.362
1E 5 80531 69641 60752  -1.624  -1.683  -1.524
2E 6 20211 © 33080 54002  -1.559  -1.52¢  -1.509
, 3E 7 48512 42226 67262  -1.323  -1.294  -1.502
) 4E 8 97126 60537 52615  -1.281  -1.191  -1.419
y SE 9 94654 62113 48700  -l.421  -1.400  -1.485
1 6E 10 114625 ° 66911 60443  -1.568  -1.572  -1.480
; 7' 1 28410 18265 49483  -1.589  -1.182  -1.391
3 8E 12 12771 37720 40037  -1.905  -1.218  -1.359
i 9E 13 27111 69073 51009 - .192  -1.443  -1.455
oo gF 14 17482 43804 49577 - .828  -1.605  -1.498
N IF 15 89826 61252 30938  -1.051  -1.490  -1.340
i 2F 16 104417 51682 55129  -1.375  -1.509  -1.547
N F 17 91893 64809 50376  -1.481  -1.544  -1.553
N F 18 96504 62955 76271  -1.618  -1.535  -1.360
4 sF 19 59773 68433 57217  -1.646  -1.458  -1.385
2 6F 20 57098 49231 351925  -1.694  -1.401 - .525
T2l 39000 58212 32490  -1.543  -1.467  ~1.715
&F 22 31430 35062 49444  -1.419  -1.412  -1.322
9F 23 67101 77552 49668  -1.531  -1.422  -1.391
, A-31
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Date: 8-7-78 PATTFRNED BACKGROUND- = EYES OPEN
R Hz £ £ £ ) 2 )
gc 4 35628 40359 34243 -1.549  -1.623 -1.556
16 3 31530 25084 32817  -l.416  -1.431 -1.421
26 6 27596 37806 27778  -1.331  -1.508 -1.483
3G 7 30076 31072 31088  -1.199  -1.524 -1.489
4G 8 37840 42718 24638  -1.479  -1.401 -1.560
5G 9 28670 29710 15591  -1.500  -1.668 -1.379
6G 10 29559 31501 25878  -1.221  -1.254 -1.275
G 11 36060 33361 22935  -1.474  -1.500 -1.453
8G 12 29412 28423 26678  -1.610  -1.524 -1.521
9G 13 21525 39543 32962  -1.350  -1.553 -1.346
)2 14 35543 28852 31292 -1.501  -1.550 ~1.386
1H 15 40178 20668 36206  -1.507  -1.427 -1.466
it 16 23084 41542 23392 -1.276  -~1.550 ~1.800
H 17 21316 21698 34269  -l.611  -1.491 -1.405
4 18 22233 37148 38268  -1.600  -1.519 -1.543
SH 19 23539 25233 27481  -1.404  -1.378 - .910
6 20 45670 26290 521802  -~1.526  -1.491 - .387
T 21 17866 37473 45538  -1.482  -1.526 - .113
& 22 16436 28701 27927  -1.315  -1.432 -1.487
SH 23 41115 40416 8776  ~1.526  -1.434 ~ .069
' UNPATTERNED BACKGROUND -~ EYES OPEN
o3 4 74698 21666 15886 -~ .960  -1.698 ~-1.851 "
1z 5 22413 31131 25562  -1.491  -1.501 -1.488
21 6 28422 29665 24045  -1,501  -1.493 -1.550
3I 7 17584 20974 26923  ~1.662  -1.496 -1.576
41 8 18170 39937 22558  -1.296  -1.453 -1.438
51 9 24452 30685 27743 -1.638  -1.380 -1.480
6I 10 30304 33148 22748  -1.702  -1.343 -1.494
7T 11 19819 26199 26417  -<1.390  -1.468 -1.525
81 12 16414 11262 25480  -1.198  -1.620 -1.562
9T 13 28552 29872 29704  -1.575  -1.650 -1.519 ,
23 14 31589 21040 27083  -1.65%4  -1,552 -1.574 1
iy 15 11340 24066 18145  -1.795  -1.533 -1.504
27 16 21773 31018 26102  -1.608  -1.552 -1.518
3 17 24669 28926 11985  -1.536  -1.512 -1.511
47 18 25517 24006 43985  -1.674  -1.444 -1.297
57 19 5675 20728 39281  -1.598  ~1.547 -1.036
6J 20 28231 29441 523507  -1.357  -1.274 -1.393
73 21 20932 5929 42463  -1.539  ~1.338 -1.880
a7 22 27029 28060 24010  -1.475  -1.48). -1.540
°J 23 29097 20494 16630  -1.386  -1.540 -1.470
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Date: 8-30-78 SMALL CHECKS

R He £ £ £3 % 2, 2y
K 23 37568 29030 49974  -1.503  -1.508  <-1.503
K 22 44887 42497 42257  -1.558  -1.489  -1.518
x 21 40039 38535 51598  -1.560  -1.543  -1.496
K 20 47558 37975 75405  -1.407  -1.500  -1.483
&® 19 29285 46787 42749  -1.513  -1.506  -1.490
K 18 36601 41596 39430  -1.571  -1.477  -1.485
6K 17 32176 41062 40626  -1.304  -1.451  -1.451
K 16 28676 37909 38309  -1.441  -1.552  -1.506
& 15 30741 38567 41316  -1.390  -1.469  -1.467
9K 14 20820 42225 42807  -1.481  -1.472  -1.487
gL 13 48153 32361 36801  -1.232  -1.530  -1.454
L 12 21518 42101 36641  -1.305  -1.505  -1.453
2 1 73206 43588 38909  -1.616  -1.563  -1.617
L 10 75315 33586 34450  -1.339  -1.369  -1.490
4L 9 59177 24610 36236  -1.359  -1.593  -1.506
5L 8 58249 42158 36800  -1.370  -1.470  -1.500
6L 7 7770 36230 33487  -1.872  -1.531  -1.537
L 6 48316 39170 36516 - .046  ~1.550  -1.500
8L 5 46238 51877 37140  -1.661  -1.378  -1.360
9L 4 89607 16948 37823  ~1.479  ~1.283  -1.477

SMALL, CHECKS
oM 4 85947 19474 29601  -1.571  -1.038  -1.446
1M 5 77205 50181 32309  -1.982  -1.498  -1.444
M 6 19798 41294 42930 - .208  -1.613  -1.570
™ 7 44444 26398 28792 - .497  -1.393  -1.365
aM 8 12172 30247 29957  -1.087  -1.482  -1.507
SM 9 12400 23595 30243  -1.419  -1.604  -1.501
&M 10 40288 24497 34247  -1.508  -1.559  -1.530
™M 11 98035 33902 25098  -1.480  -1.410  -1.456
M 12 26227 31600 26802  -1.820  -1.452  -1.413
M 13 20242 27987 26568  -1.721  -1.442  -1.440
oN 14 19381 30509 27820  -1.462  -1.503  -1.512
IN 15 12563 28122 25606  -1.591  -1.610  -1.532
N 16 27354 23048 40422  -1.287  -1.444  -1.452
N 17 36450 27286 28415  -1.520  -1.541  -1.524
N 18 56951 24385 24759  -1.422  -1.504  -1.458
SN 19 36823 30129 28981  -1.635  -1.458  -1.520
eN 20 24237 20488 43874  -1.724  -1.557  -1.293
™ 21 14897 23078 24004  -1.241  -1.429  -1.487
N 22 19989 23606 23966  -1.168  -1.397  -1.432
oN 23 24496 30013 30849  -1.540  -1.545  -1.495
A-33
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R Hz £ £ £, 2y 2, 5
go 4 22883 36822 29681  -1.549  -1.470 -1.452
10 5 38219 31239 29929° -1.515  -1.402  -1.541
20 6 45822 62493 25572  -1.177  -l.442  -1.433
0 7 11197 14280 20340  -1.452  -1.681  -l.421
40 8 37315 31773 30867  -1.472  -1.500  -L.547
50 9 26897 15859 30113  -1.061  -1.134  -1.333
g 60 10 50277 21127 27137  -1.538  -1.459  -1.371
70 11 38368 65370 43467 - .187 -1.754  -1.555
80 12 15130 24020 24978  -1.557  -1.480 -1.441
90 13 25728 33003 24715  -1.406  -1.522  -1.489
P 14 14091 19078 33793  -l.413  -1.352  -1.372
15 25304 28433 30168  -1.585  -1.529  -1.437
2 16 23315 20467 28395  -1.299  -1.304  -1.356
P 17 26614 31829 27841  -1.509  -1.482  -1.357
& 18 31584 29890 30983  -1.565  -1.560 -1.431
e 19 27938 29478 28822  -1.544  -1.511  -L.513
& 20 25649 35717 26594  -1.769  -1.610 - .91
‘ ™ 21 26320 26920 30645  -1.494  -1.315  -1.367
. &g 22 7261 36149 18924  -1.281  -1.439 -1.308
9 23 16345 35159 23964  -1.654 -1.403  -1.520

A
.
U

UNPATTERNED BACKGROUND - EYES OPEN

AA 23 24730 32174 25362 ~1.344 -1.551 -1.473
AB 22 30589 25905 27189 -1.386 ~-1.488 -1.550
AC 21 27075 27802 40534 -1.480 -1.472 - ,001
AD 20 37153 29089 221357 -1.435 -1.570 - 476
AE 19 33311 29907 61731 -1.556 -1.395 -1.353
AF 18 37679 37685 75302 -1.612 -1.475 -1.413
AG 17 25573 25028 23673 -1.515 -1.575 -1.454
AH 16 27571 18915 22874 -1.513 -1.405 -1.388
AT 15 15967 25411 23911 -1.361 -1.565 -1.554
AT 14 29330 24691 18340 ~1.630 -1.510 -1.549
AK 13 10684 19552 32451 -1.363 -1.386 -1.503
AL 12 23565 23132 26929 -1.463 -1.351 -1.462
AM 11 8316 23561 26362 -1.853 -1.541 -1.414
AN 10 32182 21137 30411 -1.785 -1.489 -1.442
20 9 45887 n5544 23351 -1.148 -1.406 -1.506
AP 8 72960 46802 24594 -1.458 -1.369 -1.449
AQ 7 18664 24292 27091 -1.559 ~-1.535 -1.521
AR 6 15147 27664 30988 -1.673  -1.561 -1.435
AS 5 26159 28106 31741 -1.644  -1.497 -1.547
AT 4 21204 26394 21850 -1.465  -1.527 -1.503
A-3L
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APPENDIX B

X
M)

Regression Coefficients

-

I. PHASE, - Three degrees of freedom

2

RMDA y=  .0294x® - .5323x - 0.589
RMEA v=  .0032x% - .1418x - . 4560
RMPT y=  .2108x° - .2132x - .7214
P2 y= -.1015x° + .7983x - 2.1826
LPXD y=  .0329x° - .6325x + .2148
LPTY y = - .2185x% ~ .8503
RR@M y=  .0029%% - .3366x - .2865
RRSP y=  .0337%° . .7l41x + 1.0641
RRWH y=  -.0074x% - ,3261x - .4714
SPEK y = - .2451x + .6614

II. AMPLITUDE - Four degrees of freedom

- .0072%° + .1994x° - 3.6353x + 53.9340

RMAA Y=

RMYQ - DA g = .3747%0 - 12.6295x° + 152.4572x - 343.544
' RMDA ¢ = .1447%° - 8.4724x° + 121.0685x - 250.792

RMIA - EA v = - .1053x> + 3.9425x% - 35.5912x + 183.6381

RVEA ¢ = - .0007x> + 2.0202x° - 20.4195x + 165.4450

RMAG - FA y = -1.0933x> + 20.0573x% - 106.407x + 273.1473
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II. AMPLITUDE cont.

RMJT y = -1.1305% + 21.3911x% - 116.556x + 280.5491
RMIQ - 9K y= - .1239x° + 2.8236x° - 25.8911x + 112.3798
LPOB ~ Ng vy =  2.8894x° - 54.2895x% + 395.7388x - 739.022
LP7g Y= .37804x> — 72.0054x% + 533.9489x - 1071.51

t 1PPg - gL v =  .2111x%° - 5.8366x° + 54.4187x + 19.6811

) LPXY y =  1.1235x° - 24.1156x° + 206.5515x - 427.354
LPEG - ¥ vy = .0675%° + 3.1828x° - 14.9686x + 84.9571
LTy y=  .0071x> + 6.8095x% - 59.5138x + 258.6053
DN y=  .3909%° - 7.9765x° + 65.4728x - 150.466
Lpgp v=  .0220%° - .4149x> + 2.7508x + 41.6054
RRUP - M y= - .2906x> + 5.9284x° - 50.0475x + 189.5445
RROM v = . - .3931x° + 8.4972x% - 76.6056x + 277.9998
RROF - #A © y= -~ .7072% - 14.9137% - 114.870x + 321.7287
RRMY - S v=  .0917x° - 2.5825x% + 26.9147x + .8586
REWY y= - .5895x° + 12.5022x° - 97.0847x + 261.4221
RRSY y= - .1842x> + 1.2281x% + 10.6877x + 23.3075
RRES - 90 y=  .0576x° - 1.1628x% + 8.9955x + 9.7553
RROT - A2 y=  .0091x> + .0735x% - 4.1860x + 53.2215
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‘, frequency. It is expected thet, for each observer, there will be an optimal
iyt temporal frequency or frequencies corresponding to a given pattern size,

bt contrast and intensity. Also,. this relationship will likely vary between

- individuals, but will remain relatively constant for a given observer over

‘ tmeo

Three subjects were each presented with three stimuli. These stimulil

A

-~

ol were: (1) a square pattern of small checks where each check subtended 15
v minutes of arc; (2) a square pattern of large checks where each check subtended
',.q‘ ST minutes of arc; and (3) an unpatterned square stimulus. The check stimuli
4 . were presented in such a manner that altermate checks were 180° cut of phase
oy with each other and the unpatterned stimulus was presented as a luminance
‘ charge. Each stimulus presentation series contained 20 temporal frequencies
» presented in numerical sequence with the lowest frequency being 4 Hz and the
R highest at 23 Hz.
;:;f.: The results of this study were plotted using either the relative

|

amplitude of response or phase change as a function of the temporal frequency
of the stimulus. When comparing esch subject's response, the relative
amplitude, curve shape, stimulus frequency of the largest response, and
signal-to-noise ratio were considered. None of the subjects responded in
exactly the same. manner,

-~
A

e

oA

The results of this study were compared to the studies conducted by
Regan (1977, 1978), Tyler, Apkarian, and Nakaysma (1978), Spekreijse, Esteves,
and Reits (1977), and van der Tweel and Verduyn (1965). The response mani~
fested by the subjects in this study were similar to the studies to which they
were coampared.
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